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ABSTRACT 
 
The goal of this dissertation is to evaluate the key green building strategies that can be 
implemented in hospital/medical units in order to enhance their energy and 
environmental performance and to assess their impact on medical tourism trend. 
With the successful completion of the dissertation, we will attain valuable skills in 
implementing green building certification schemes and evaluating their economic 
performance. 
This discussion draft is to develop new programmes for health systems that will 
contribute to reducing hospital’s own greenhouse gas emissions. Global competition is 
emerging in the health care industry. 
In addition, I would like to thank Dr. Dimitris Anastaselos, Ph.D. in Mechanical 
Engineering, for his input and guidance throughout the duration of implementation of 
the work presented.  
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1. INTRODUCTION 
 
As it is well known hospitals have the biggest energy consumption in comparison to 
the other buildings, so the study of this project is about the Green Buildings, how to 
make a hospital a Green Building (Healthy Hospital) and what is the relation in the 
tourism trend of a country. 
Hospitals have one of the highest energy consumption in the building sector, due to 
their high amount of energy performance globally. This energy consumption is 
intended to meet the thermal needs as space heating , domestic hot water , producing 
steam for heating, sterilization, cooking and electrical needs such as Air Conditioning, 
lighting, medical equipment, HVAC and etc. The main reasons for which the energy 
consumption of hospitals are so high, is the continuous operation all day throughout 
the year and especially the comfort levels required for the health of patients as well as 
the particular conditions operation of various facilities such surgery. 
 The purpose of the project, the results of which are described below, was to design a 
simple hospital into a Healthy Hospital (Green Building) and what would be the 
results of having such kind of buildings in the medical tourism. This research is based 
on real life results, recording and editing data and procedures for controlling the 
results and decision making. At this research may be used to set targets for the 
optimization of this consumption. In the effort made in National scale and took part of 
about 70 % of the bigger hospitals in the country (84 points), conducted a survey of 
the sector's image. The processed data and the experience is the foundation for 
defining strategy which has to improve the energy situation in the industry and 
internal environment having also combining also and the tourism with the health 
sector. 
(http://www.eia.gov/consumption) 
 Based on the information collected is processed, it is estimated that Total energy 
consumption in public hospitals for 1994 is around 650 GWh. The cost of this energy 
consumption, at 1994 prices, amounted to about 10 billion drachmas. Consumption 
trends are continuously upward.  
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Using various techniques and technologies, energy saving in Hospitals can approach 
and exceed 10% in many units. The techniques are starting from the simple 
continuous recording of consumption, measures of good management / maintenance 
and creating energy awareness among employees. Due to the continuous consumption 
of electricity and heat, there is a possibility of applying a plurality of technologies 
which extend from simple installation lamps up investment capital-intensive systems 
such as installation absorption cooling, cogeneration etc. Regarding to the new design 
of buildings the medical tourism must be reliant to it. 
The building industry is showing a large growth rate of energy consumption. The 
reduction of energy consumption and the utilization of renewable energy sources in 
the buildings are particularly important; because more than 40% of the consumed 
energy in Europe is used in buildings industry, while the fuels for the production of 
the required energy (thermal and electrical) are responsible for the biggest part (50%) 
of the emissions gasses which are intensify the greenhouse in the atmosphere. The 
context of efforts for sustainable development can achieve significant decrease of 
energy consumption and also the CO2 emissions in a significant amount, through the 
Green Building and the technologies of energy industry in the environment. In Greece 
is estimated it is technically possible the decrease of consumed energy in the 
buildings and especially in medical units, at least 30% of this total consumption. The 
average annual growth rate of consumption in Greek energy buildings for the decade 
1995-2005 is 5.5%, while the corresponding growth rate for the total energy 
consumed in Greece is about 3%. Corresponding to this, the required installed 
capacity for cover peak loads especially during the summer months (due to air 
conditioning) increasing at an average annual rate over 400 MW, which involves need 
for an additional power plant annually. 
Energy consumption is rising with serious consequences at the environmental 
degradation, at the depletion of natural resources and therefore the quality of life. To 
address all these effects the key role is to acquire energy saving, contributing 
effectively to the global economy, to meet the social and the developing needs as well 
as environmental protection. Energy savings are cheaper alternative, mild, clean and 
readily available source of actions for analysis of contemporary economic and energy 
needs. 
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Energy savings should be core priority of any modern energy policy. Since the 
building sector consumes 40% of the energy required at the European level, European 
Union issued the Directive 2002/91/EC on the control and improvement the energy 
efficiency of buildings, widely known as the “European Performance of Building 
directive” (EPBD). This directive provides the energy study or inspection buildings 
and electrical-mechanical installation from independent accredited experts, energy 
inspectors, with a view to energy efficiency in building identity. At the same time in 
the United States of America there is ASHRAE’s Energy Standard for Buildings 
Except low-rise residential Buildings, 90.1(2004), which provides the minimum 
requirements for the energy-efficient design of the buildings and the Standard 62.1. 
(2010), which provide detailed information for the energy performance in the medical 
buildings, hospitals. In other countries like United Kingdom and Canada there was the 
National Health Service and the standard CSA Z317.2, 2012 respectively which were 
responsible for the implementation of the energy conservation and CO2 emissions 
reduction within the medical units. 
(https://www.swe.siemens.com) 
Hospitals and ambulances are a major source of pollution and should be involved in 
the battle against climate change, says the World Health Organization. In many 
countries, the health sector ranks second in the use of coal as an energy source while 
displaying very high energy consumption. According to W.H.O. report, emissions 
from hospitals, health centers and ambulances contribute to the growing number of 
cases of asthma and other respiratory diseases, and the highest number of visits to 
emergency departments. Hospitals should use alternative forms of energy such as 
solar panels, wind turbines and energy-saving lamps , and buy organic foods from 
local producers , and should make ambulances more environmentally friendly , says 
WHO. In the U.S.A., consumption of electricity for health services increases by more 
than $ 600 million in annual direct cost of the health sector and more than 5 billion in 
the indirect costs. 
However, international competition is rising in the health care industry. Wealthy 
patients from developing countries have long traveled to developed countries for high 
quality medical care. Nowadays, an increasing number of patients from developed 
countries are traveling for health reasons to regions once characterized as “third 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 11 
 
world.” Many of these “medical tourists” are not wealthy, but are seeking high quality 
medical care at reasonable prices. To meet the demand, entrepreneurs are building 
technologically advanced facilities outside the U.S.A., using foreign and domestic 
capital. They are hiring physicians, technicians and nurses trained to American and 
European standards, and where qualified personnel are not available locally, they are 
recruiting expatriates. 
The tourism industry is one of the largest sectors global economies. There are now 
700million tourists globally with a view to increase the levels of1 billion in 2015 and 
1.5 billion in 2020. Over the past 50 years the tourism industry is one of the most 
important parameters of the EU economy. Because there was an increase of the 
interim tourists arrivals from around the world in 25.3 million in 1950 to about 414 
million in 2003 and with a provision for 717 million tourists in 2020, which means 
almost doubling of visitors over two decades (2000-2020). According to the World 
Tourism Organization, Europe persists in the coming year’s one of the most important 
tourist destinations and tourist source global level. Greece in 2012 had more than 16 
million tourists and is estimated that this year will surpass the 18 million. 
With the term “medical tourism”, it is broadly defined to provide financial 
competitive private medical care in collaboration with the tourism industry for 
patients needing surgical surgery and other specialized forms of treatment. Medical 
tourism involves, like other tourist products, in addition to medical care 
accommodation at the best hospitals, transport services, information, tours, and 
catering. The key areas of medical tourism are the plastic surgery, dentistry, 
ophthalmology, cardiology, the orthopedics, cancer treatment, and the provision of 
services to kidney disease and organ transplants. In the context of medical tourism 
there is the availability to the people that are in a need of longitudinal medical care, 
such as people suffering from kidney and heart failure, and cancer, to make 
seamlessly their trips to the tourist destinations they desire. 
(http://www.gnto.gov.gr/el) (GREEK STATISTICAL AUTHORITY) 
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A. LITERATURE REVIEW 
 
2. GREEN BUILDINGS & ENERGY 
PERFORMANCE–general principles of 
green building 
 
2.1 Green Building Design in Greece through time 
 
There are many factors militating the solutions in the rational energy consumption in 
the buildings and the use of soft energies. The economic and technological 
development has as a result the proliferation of the energy needs. Especially with the 
constant improvement of the living standards, the consumption of energy for the 
operation of the buildings is always increasing. That increase is in quantitative level, 
as we consume more energy in absolute magnitude, as well as quality level because 
we use more and more electricity to cool our buildings. 
In particular, the final energy consumption in Greece was almost constant in the 
period of 1990-1994 and the amount consumed was around 15Mtoe, without the non-
energy uses. Between 1995-1996 the consumption of final energy was increased by 
6.5% and since the average annual growth rate is around 2.5%. In total, the final 
energy consumption increased at 50% at the period of 1990-2006, basically as a result 
of the economic development. 
The demand of electricity in Greece increased at a greater rate from 1990. The main 
increase derives from the residential and tertiary sector. Especially the residential 
sector was in 2006 the larger consumer of electricity energy with annual consumption 
of 177 TWh. This is an increase of approximately 94% compared to 1990 levels, 
when the consumption of home field was 91 TWh. While industries were the largest 
consumers in 1990 with 121 TWh, at 2006 it dropped at 15 TWh and in the third 
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place with the growth rate to be 24% compared to 1990 levels. The tertiary sector 
consumes more energy than the industrial sector. A consumption of around 175 TWh 
in 2006 was noted, in comparison to 56 TWh in 1990, was noted with an average 
growth rate of 77% per year and 215% overall increase. 
The heating of buildings in Greece is mainly based on the use of oil. For the 
production of electricity, lignite remains eminently participating fuel by 69%, while 
oil consumption is produced approximately 20% of the required electrical load 
(percentage of 1996). The remaining 11% of the electrical load is covered with hydro 
and produced from hydroelectric plants. The building sector requires significant 
energy for its operation (heating, cooling, lighting, DHW, device operation). It is 
calculated that in EU countries 41% of the total produced energy spent to meet the 
needs of the buildings heating and cooling systems. The corresponding graph for the 
former eastern and central countries of EU amounts at 49% (Figure 1). 
 
Figure 1: EU countries percentage of energy use 
 
In Greece, the general modernization accompanied by indifference to energy savings, 
led to inordinate consumption in buildings and services. In 1995, energy use in the 
residential and tertiary area for heating and cooling and for hot water production 
reached 4.4 Tons of Oil Equivalents (T.O.E.). It is recorded that in the heating of 
buildings, although it is a country with a mild climate, a prominent part of total 
energy consumption (69%) of the housing sector and tertiary, followed by hot water 
(13%), electrical appliances, cooling and lighting (18%) (Centre of Renewable Energy 
Sources, www.CRES.gr 1997). Therefore the need for energy saving in this is 
particularly evident, as it covers about 36% of the total energy consumption in 
31% 
28% 
41% 
E.U. countries 
15% 
36% 
49% 
East &Central EU countries 
Transportation Building Ind. 
Industries  
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Greece. Moreover, the buildings in Greece are responsible for more than 45% of total 
carbon CO2 emissions, the basic gas of the greenhouse effect. 
It is noted that in E.U., the use of conventional fuels in heating systems of the 
buildings are involved in ¼ of the total production of CO2 in the member states. 
At the current model of development the alternative solution of “sustainable 
development” is suggested. The basic philosophy is to protect the natural environment 
and the effective restoration of the ecosystems of the planet as possible. These 
principles formed a new political legislative framework at an international, European 
and national level by proposing energy conservation and the use of soft technologies 
and energies so the reduction of environmental impact will be accomplished. That is 
why many countries of the world adopt measures in order to reduce emissions to the 
atmosphere. Renewable (mild) energy sources (RES) are regularly updated through 
the cycle of nature and considered to be practically inexhaustible. The wind, biomass, 
geothermal, solar, hydrogen and chutes are sources of energy with the offer never 
exhausted. Greece has a considerable renewable energy potential that can offer a real 
alternative solution to meet our energy needs. Concretely, with regard to solar energy, 
the country would be able to use solar energy meeting up to one third 1/3 of the 
needed, having produced a total of 150,000 toes (tones of oil). Greece after the recent 
legislation (N.3468/06, gazette of Gov. 129
A
, 6.27-06) significantly enhances the 
produced energy from RES, and the aim is that by 2020 renewable energy to cover 
20% of total primary energy by 11.6 % which is today (measures of 2011 based on 
http://epp.eurostat.ec.europa.eu).  
  PRIMARY ENERGY CONSUMPTION IN GREECE   
      TOES * 10^3     
Fuel Kind 1985 % 1995 % 2005 % 
Oil 10,475 58,6 13,805 59,6 18,4 52,8 
Lignite 6,2 34,7 8,435 36,4 11,35 32,5 
Natural Gas 
    
2,45 7 
RES 870 4,8 720 3,1 1,925 5,5 
Imports 335 1,9 205 0,9 750 2,2 
Total 17,88   23,165   34,875   
Table 1: Greek primary energy consumption (Monthly technical magazine “Building”, edition 185) 
(http://www.cres.gr/kape/index_gr.htm) 
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Green Building Design 
The «viability» and «sustainability» are an important issue for the society and 
especially in the construction industry and the use of buildings: Concentrating on the 
current needs of an individual or group level by exploitation of resources on the 
planet should not compromise the ability of meeting the needs that will arise in future 
generations. 
The bioclimatic concept for the building design included within the context of the 
above ecological strategy, as the heating of buildings is based especially in the use of 
oil and the cooling in the use of electricity. It is noted that since 1997 began the 
transfer of gas to Greece, with the expectation to meet the required energy for heating 
buildings initially at a rate of approximately 7%.  
Researchers of buildings and those involved directly or indirectly with the field of 
construction are invited to propose solutions adapted to local climatic conditions 
while technologically innovative, so they can be compatible with the conservation of 
natural resources and protection of environment. 
At the beginning of the 21
st
 century the objective is set for both reducing the heating 
and cooling loads of buildings and also to minimize the use of fossil fuels, at least in 
terms of heating and cooling, the exploitation of inexhaustible energy sources - the 
sun and the air. Also, the design, the construction and the operation of buildings 
should be based on the principles of sustainable use and management of natural 
resources to help preserve the environment. Simultaneously contribute on healthy and 
safe living occupants without causing impacts on the environment. 
The above concept certainly should not be at the expense of thermal and visual 
comfort of the users of the buildings, all of which are secured by energy design of 
buildings and open spaces. 
(http://www.cres.gr/kape/index_gr.htm) 
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The Project of 20-20-20  
The European Council of March 2007 noted that for achieving the objective of the 
Convention, namely the stabilization of concentrations of greenhouse gases in the 
atmosphere at a level that would prevent dangerous anthropogenic interference with 
the climate system, the global annual mean warming of the surface warming should 
not exceed 2°C compared to pre-industrial levels. To achieve this, we need to reduce 
global greenhouse gas emissions until 2050 by at least 50% below 1990 levels. 
Greenhouse gas emissions in the Community should continue to decrease beyond 
2020 as part of the Community's efforts to contribute to this global emissions 
reduction goal. The European Council of March 2007 decided that, pending the 
conclusion of a global and comprehensive agreement for the period after 2012, the 
Community undertakes unilateral commitment to reduce its greenhouse gas emissions 
by at least 20 % by 2020 compared to 1990. Furthermore, the Council adopted a 
Community objective of reducing greenhouse gas emissions by 30 % by 2020 
compared to 1990 as its contribution to a global and comprehensive agreement for the 
period beyond 2012, provided that other developed countries commit to comparable 
emission reductions and economically more advanced developing countries who 
contribute adequately according to their responsibilities and capabilities. 
The National Action Plan for Renewable Energy Sources prepared in framework for 
implementation of the European Energy Policy in relation to the penetration of 
Renewable Energy, Energy Efficiency and limitation of emissions of air pollutants 
emissions. Especially for all the Member States of the European Union, by 2020, 
provided: 
a) 20% reduction in greenhouse gas emissions compared with 1990 levels in 
accordance with Directive 2009/29/EC 
b) 20% penetration of renewable in gross final energy consumption according to 
Directive 2009/28/EC and 
c) 20 % primary energy savings.  
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 17 
 
Especially for Greece, the target for greenhouse gas emissions is down at 4% in the 
non-trading compared to 2005 levels, and 18% penetration of RES in gross final 
consumption. 
The Greek Government in the adoption of specific development and environmental 
policies, with the Law 3851/2010 has increased its national goal for participation of 
RES in final energy consumption to 20%, which also specializes in 40% participation 
of RES in electricity, 20% needs in heating and cooling and 10% for transport. 
Additionally, compared with the energy savings, Greece has already produced the 1
st
 
Energy Efficiency Action Plan which provides 9% saving energy in final energy 
consumption by 2016 in line with Directive 2006/32/EC and, recently, by Law 
3855/2010, which added and the recent regulation on energy behavior buildings, 
KENAK, goes in the development of market and implementation of specific measures 
and policies aimed at achieving the specific national target for energy savings. 
(http://www.ypeka.gr) 
 
Table 2: Trajectory of RES in gross final energy consumption until 2020 
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2.2 The Concept of Energy Balance in Buildings 
 
The desired air temperature for an area is determined by the regulations applicable, in 
order to ensure thermal comfort for this user space and is directly related to the 
"personal factors", which means that the activity carried out in the area , the age, the 
way clothing etc. To achieve and maintain the desired temperature in the building, it 
is provided with heating or cooling covering the temperature difference that was 
prevailed in the building without this provision, until the desired temperature. The 
smaller the contribution of heating or cooling for equilibration of the heat balance and 
to achieve thermal comfort conditions, the more economical is the function of the 
building. 
The correct design optimizes the performance of some of the factors involved in the 
energy balance. With the orientation of the building and mainly of the exposures, the 
shape of the building, the ratio of solid details and the openings, the construction of 
housing and the selection of heating, ventilation and lighting, the designer of the 
thermal behavior of the building intervenes. 
However, apart from the built environment (design and construction), it is also how to 
use the building that affect energy consumption. The users of the building with the 
"behavior" and their habits can diversify substantially the thermal behavior and 
therefore the final consumption of energy. Informed and therefore aware compared to 
"the Energy problem", with the rational use of various control systems internal 
climate which have at their disposal, they can help to reduce heat losses, the 
avoidance of overheating and generally to reduce energy consumption. 
With the term «heat balance» of the building is meant to be the sum of all heat flow, 
to and from a building. The heat flows are listed in profits (revenues or thermal heat 
gains) and losses (heat loss) of the building due to the temperature difference between 
the outside and the indoor environment. 
The energy balance of the building can be expressed in the form of a simple 
mathematical form: 
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QI + QS ± QC ± QV ±QM - QE = 0 
Where,  
QI: the heating attached by tenants, the various devices and lighting, Internal Gains.  
QS: the thermal income from solar radiation entering the building, Solar Gains. 
QC: thermal losses or gains with conductivity from the external walls, Conduction 
H/L. 
QV: thermal losses or gains from ventilation, Ventilation H/L. 
QM: thermal or cooling needs of the area, Energy Demand 
QE: heat losses from evaporation. 
The parameters of the thermal power balance are applied for each building, but with 
different importance each, depending on the use of the building and its operation. 
Specifically: 
 QC (Conduction): losses (or gains) from conductivity of the building elements 
of the housing. Can distinguish the losses from solid or transparent elements. 
Note that during the summer season is very likely due to conduction losses but 
there are no heat gains for the building, especially during the day where the 
outside temperature is typically greater than the inner Heat losses (or gains) 
conductance through the compact and transparent envelope components are 
not affected by the use of the building, only by factors related to sitting, the 
form and manner of construction of the building covering. 
 QV (Vent): losses due to ventilation of the building, intentional or 
unintentional ventilation. It helps to create comfortable and healthy 
environment for users by replacing the air used by equivalent outside air. 
Studies performed showed that up to 50% of the total consumption fuel for 
heating of buildings is used to cover the heat losses due to ventilation. And 
this factor may be converted to heat during the summer period.  
 QE (Evaporation): losses by evaporation on the surfaces or within the 
building.  
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 QI (Internal): internal gains from the operation of the building are essential and 
largely inelastic factor for the heat balance of the building. This heat generated 
due to the use of the building and has the form of either sensible or latent heat. 
The presence of users in conjunction with the activities performed, the 
artificial lighting, the operation of the devices and the use of hot water, create 
a significant thermal load, which in winter contributes to the heating of space, 
while the hot periods increases cooling load. 
 QS (Solar): solar gains that are caused from incident solar radiation in the 
building and can be divided into those from the radiation incident on the 
transparent or solid housing surfaces. The heat period from solar radiation 
entering the building, is an important factor associated with the orientation the 
building, especially the surface of the openings. Correct measures both in the 
design and during construction of the building, which can take into account 
the factor of the "sun" that helps, realize the free solar thermal annuity. 
 QM: the heating or cooling load of the building is covered with the provision 
heating or cooling. Generally, the choice of how heating or cooling depends 
on the size of the project, the importance of the specific ambient weather 
conditions, the economic capabilities, the available resources and the 
comparatively cheaper fuel in region and the storage capacity of the heating 
material. 
 
It is clear that the losses or gains of ventilation and thermal annuity and lighting by 
the users, are the two parameters of the heat balance that both directly affected by the 
use of the building and other largely determine the heating or cooling load.  
It is worth noting that the calculation of the heat balance is taken not into the space 
provided in the heated thermal mass, which affects not only the time and space 
distribution of temperature (thermal sense comfort), but indirectly and the final energy 
consumption to maintain desired temperature, or the designed temperature. 
(http://www.iuses.eu/) 
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2.3  The Role of Green Building Design 
 
Buildings should be designed according to the principles and standards for the energy 
saving in heating and cooling (reduction and thermal cooling load) and to exploit 
renewable energy sources for cover the heating and their cooling load with modern 
aims to be achieved with the smallest possible environmental impact. 
The term "green building design" or "energy design" refers to the design that responds 
to climate environmental conditions, such as sunlight, wind, etc. in a way that the 
building covering amending to create an internal climate which provides the smallest 
possible power consumption for heating and cooling best conditions of thermal and 
visual comfort for users. 
In winter period, the energy design aims to minimize thermal conduction losses, 
ventilation and evaporation, allowing only the need for hygiene reasons ventilation, 
and increased thermal Revenue from solar radiation, both to reduce the duration of 
heating period and secondly to reduce the costs of providing heating. Respectively, in 
the summer period the energy design seeks to minimize thermal annuity from sunlight 
and optimization of the various methods natural cooling to minimized or even 
prevented by the mechanical equipment provided for cooling. 
 
Minimization of Heat Losses: Format and Layout of Interior Spaces 
The most correct, by energy perspective shape of a building, is the one that displays in 
winter the smaller thermal losses and the largest solar gain, while summer the smallest 
thermal load from solar radiation. The climate of a place plays a key role in selecting 
the optimal shape. For a given volume, compact shape displays the smaller thermal 
losses in winter. But the building square plan is not the best solution for all areas: in 
the cold climates, optimal solution is the cubic buildings, whereas for temperate 
climates, the buildings in the elongated axis E-W and with a greater freedom for her 
election form. 
The microclimatic conditions on the sides of a building are also crucial for a proper 
arrangement of spaces. The North side remains the coldest one, because is not 
receiving direct sunlight and usually the winter winds have northern direction. The 
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East and West facade receives equal quantity of solar radiation, but western remains 
hotter because of combination of solar radiation and high temperatures meridians of 
air. The South side is brighter and warmer and receives solar radiation during the 
whole day. 
 
Figure 2a,b: Passively heated home in Colorado 
 
Areas with lower temperature requirement should be placed on the north side to be 
used as a barrier of thermal losses, mediating between the hot areas and the outside 
environment. The technique of placing these sites in the north was long been known. 
In rural residence were and are sometimes the stable or warehouse grain and straw. In 
townhouse is the garage, the cellar, or the sanitary spaces. In contrast, sites that 
inhabited the entire day and have requirements for high temperature placed in the 
South.  
(Notes from “Introduction to Energy Systems Technology”, IHU 2013, Dr. Marnelos) 
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Figure 3: Trombe Wall 
2.4  Optimization of the Influence of Solar Radiation: 
Guidance 
 
A determining factor for the duration of sunlight and the amount of solar radiation to 
which the building receives is the orientation of compact and transparent elements. 
Knowing the daily path of the sun in different seasons helps to extract useful results 
for the design of buildings and installation of premises in relation to the requirements 
and solar radiation and heating. 
 
  
 
               Figure 4: Azimuth Angle                                                   Figure 5: Apparent motion of the sun 
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 A southern facade receives the highest average solar radiation - heat 
distributed in different seasons of the year, with the most favorable manner. In 
winter, the sun's movement to a lower orbit has resulted a more vertical 
impingement of radiation on the south front and therefore greater efficiency. 
The south face receives the greatest amount of solar energy from any 
differently oriented surface of the building. Unlike the summer receives the 
minimum heat, despite the length of the effect of sunlight. 
 The East and West-facing facades of buildings accept the maximum amount of 
sunlight from May to July and unlike small amount heat in the winter. 
 The northern facades receive the sunlight only on the summer period, early in 
the morning and late at afternoon. 
In conclusion the southern exposure is ideal for the provision of openings in a 
building. The shape of the building for optimal exploitation of solar radiation must be 
elongated along the axis E-W. A small deviation of 20
o
 does not substantially alter the 
performance of the south oriented openings. 
Storey buildings on shallow, mounted to the main view to the south, or high-rise with 
a southern facade or graduated provisions buildings to exploit the southern orientation 
is correct architectural compositions for the "Energy" reflection. 
(Notes from “Solar Energy Systems”, IHU 2013, Dr. Martinopoulos, Dr. Giannakidis) 
 
2.4.1 The Building Cover 
 
Based on the criteria of energy planning, the shell is invited to selectively fulfill three 
roles:  
 Act as “selective solar collector” that contribute to commitment of solar 
radiation when it is available and necessary (the winter day) and keep away on 
the summer days. Properly oriented openings equipped with appropriate solar 
protection provisions define and influence the commitment of solar radiation. 
 Act as a “barrier of heat losses” that the heat which committed from solar 
radiation will not escape to the outside environment. The thermal insulation of 
the shell and the night-movable thermal insulation of the openings help to 
reduce heat losses. 
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 Act as a "thermal storage", so that the collected heat to be saved so it can be 
released and attributed to habitable spaces when it will be useful (in the 
evening or during periods of cloudy weather). The heat which the building-
materials can be stored and the structural elements respectively are 
proportional to the magnitude of the heat capacity. 
(   .green uilding.com  ) 
 
2.4.2 Solar Constructions  
 
With the realization of the property that has the glass to trap solar energy, which is 
then converted to the indoor heat, began the exploitation of solar energy on a large 
scale, with greenhouses patios and shaded arcades of buildings of last century 
illuminated and simultaneously heats spaces. 
 
Figure 6a: University of Bradford, Main Hall Area 
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Figure 6b: University of Bradford, Main Hall Area 
 
After 1945 when the first energy difficulties appeared, the investigation exploitation 
of solar energy had a significant rise. Between 1945 and 1959 many pioneering solar 
homes "Passive" and "active" systems were built, which now belong to the history of 
architecture. 
Since the energy crisis of 1973 and then, the world begins to care about the potential 
application of solar energy, industry, manufacturers and engineers. The simple and 
inexpensive implementation is now an objective in international scale. This justifies 
the frequency of relevant conferences, the large research funds available for this 
purpose and the increasing applications in a number of buildings in many countries, 
both with a cold climate and warm. 
(   .green uilding.com  ) 
 
2.4.3 Passive and Active Systems 
 
Two main technological systems have been developed for the exploitation of solar 
energy for heating and cooling of buildings: the energetic and passive systems. 
Among them there is a third: the hybrid. 
 Passive systems are those which for the exploitation of solar radiation do not 
use high technology and mechanical means. They are based on the natural 
flow of heat energy; exploit physical properties of the materials of the building 
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and for the collection of solar energy and heat storage, building covering 
components (walls, floors, roofs). 
 Active systems require the use of mechanical means - simple to high-tech 
(pumps, heat exchangers, fans, roundtrips) and require complex mechanisms 
of collection, transport and storage of heat have come from solar radiation 
pledged. 
 Hybrids are systems that combine physical and engineering heat flow. For 
example, adding a passive system of a fan to aid heat transfer to the rear areas 
of the building or of a thermostat for the control of the heat attributed, 
transform a passive system in hybrid. 
(   .green uilding.com  ) 
 
2.4.3.1 Basic Operating Principles of Passive Systems 
 
The operation of passive systems for the exploitation of solar energy requires a 
properly designed energy building, according to the principles already developed. In 
particular, the configuration of the building covering must be such as, that can allow 
the maximum collection of solar energy, the greatest potential for the storage of 
thermal energy and the minimum  heat losses to the external environment. 
The operation of passive systems based on "greenhouse effect" for the collection of 
solar radiation in heat capacity of materials for heat storage and basic laws of 
thermodynamics heat transfer from the collection in the warehouse and the space that 
will be heated. 
Greenhouse effect 
The greenhouse effect refers to the commitment of the heat comes from solar 
radiation penetrates the glass. Also it is based on the property that the glass has to be 
permeable to short wavelength radiation (0.4-2.5 microns), while it is impervious to 
thermal radiation emitted by the body and usually has a wavelength of about 10 
microns. 
When the sunlight falls onto a glass surface, a percentage is reflected, another one is 
absorbed by the glass, from which a part is re-reflected outwards, but the largest 
percentage (depending on the permeability of the glass) which is the luminous 
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radiation (0.4-0.8 microns), passes through the glass in the inner space. This 
percentage of solar radiation which passed through the glass, is absorbed by 
components and other objects of the interior and by changing the wavelength it is 
converted to thermal radiation for which the glass is almost impermeable. That is the 
method the derived heat trapped inside the building and stored in the elements with 
heat capacity. 
At a later stage the heat can be transmitted with four different mechanisms: 
 Conduction 
 Convection 
 Radiation 
 Evaporation 
With the thermal properties of building material listed below: 
 Overall thermal transmittance (U-Value) 
 Thermal Conductivity (λ) 
 Thermal Capacity (specific heat) 
 Solar & thermal absorptance (opaque materials) 
 Solar transmittance (transparent materials) 
Also, contribute to the formation of the thermal balance of the area. 
(   .green uilding.com  ) 
 
Figure 7: Participation of solar radiation on the heat balance of the building 
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2.5 Materials of Passive Systems 
 
The materials used in passive systems can be divided into materials collecting solar 
radiation and heat storage materials. 
2.5.1 Transparent materials collecting solar radiation 
 
The criteria for the selection of transparent materials for the commitment of solar 
radiation, a passive system are: 
 The appearance is crucial for external facades. 
 The resistance which should be large enough to withstand changes from the 
outside temperature and general climate change. 
 The quality which depends on the permeability (in small or large length 
radiation), the reflectance and absorbance. 
 The initial purchase cost, the installation and maintenance should be as small 
as possible to avoid aggravating the construction. 
The glass is one of the most expensive transparent materials. For the reason that it is 
rigid, presents resistance to weather changes, to the light and chemical reactions and 
has good appearance. Although, it has small some disadvantages in its weight and in 
the resistance to mechanical percussion. 
Ordinary glass has a permeability of short radiation from 0.91-0.78, depending on the 
content of iron oxide and its thickness. If multiple glazing will be used, solar 
transmittance decreases but significantly improves the U-value of (Table below). To 
modify the thermal properties of glazing, additional components were used in its mass 
or special coatings or special processing. Reflective and absorbent glasses must not be 
used in passive systems because they reduce the percentage of solar radiation that 
enters the space. 
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  Single glazing Double glazing 
Width 3 6 3 6 
Weight 7,5 15 15 30 
Solar transmittance 0,86 0,78 0,71 0,61 
Thermal 
transmittance 5,23-5,81 2,6-3,49 
Table 3: Properties of glazing 
 
 
Hard plastics have high resistance to mechanical shock, do not break, have less 
weight than ordinary glass, it is easy to fit and look good. Their disadvantage is that 
they are compared to common glass, a less significant rate of solar transmittance, are 
not impervious to radiation and have low resistance to fire. Divided into acrylic 
plastics (acrylics) and polycarbonate. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.5.2 Heat storage Materials 
 
The materials which are used for the heat storage are those with high heat capacity. 
Usually they are building materials of the bearing industry and generally covering, 
also paneling materials are in use. 
 Water is the material with the greater thermal capacity, but there are 
construction difficulties for its use in structural elements. 
 Concrete (506 Kcal/m3oC) has a significant advantage that is a simultaneously 
material with sufficient heat capacity and material of the supporting structure. 
 Stone and solid brick materials are mainly used for the storage of heat. They 
are materials of the bearing components or packing elements or materials 
lining the walls and floors. 
 Fusible salts such as the salt of Glauber, are new materials used in special 
locations in tanks for the heat storage. These materials change phase (Phase 
Change Materials-PCM), namely by changing the natural state ( for example , 
from solid to liquid state) of storing heat, which perform to return to their 
original natural state. 
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Material 
Specific 
Heat 
(Wh/kg*K) 
Density 
(Kg/m3) 
Heat 
Capacity 
(Wh/m3K) 
Thermal 
Conductivity 
(W/m*K) 
Water (20
o
C) 1,16 998 1157 0,6 
Steel 0,14 7800 1092 50 
Aluminium 0,25 1800 450 160 
Cooper 0,2 8900 1068 200 
Granite 0,25 2600 650 2,5 
Limestone 0,2 2180 436 1,49 
Marble 0,22 2500 550 2 
Concrete 0,23 2100 483 1,4 
Lightweight 
Concrete 0,28 1200 336 0,42 
Bricks 0,22 1300 286 0,49 
Full Brick 0,22 1900 418 1,09 
Glass 0,5 2500 1250 1,05 
Soft Wood 0,38 630 239 0,13 
Hard Wood 0,35 750 262 0,15 
Plywood 0,34 530 180 0,14 
Particleboard 0,28 800 224 0,15 
Wallboard 0,23 950 218 0,16 
Ceramic Tiles 0,22 1900 418 0,85 
Mineral Wood 0,27 25 6,7 0,04 
Polystyrene 0,34 25 8,5 0,034 
Air (24
o
C) 0,28 1,29 0,36 0,024 
Table 4: Properties of Building Materials 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
 
2.6 Classification of Passive Systems in Relation to the 
Physical Configuration of System Elements 
 
For this classification, it is taken into consideration the form of the system and the 
location of the building covering as passive systems can be divided into five major 
categories: 
 Direct solar heat gain or profit directly or solar windows.  
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The openings of the building collect the solar radiation which is then converted to 
heat and absorbed by the objects and internal components of the heated area, where it 
is stored. 
 
 
Figure 8: Solar Windows 
 
 Thermal storage wall 
The collection of solar radiation and heat storage takes place in south wall of the 
building which is properly configured. The wall is made of materials with high heat 
capacity like stone, concrete, brick, water, fusible salts, etc., the outer surface is 
painted with dark color to maximize absorption of solar radiation and in the front of 
the outer side and in a short distance from it there is a glazing to capture the solar 
radiation. A variation of the wall is wall with lockers or Trombe wall. 
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Figure 9: A Trombe Wall 
 
 Greenhouse effect or solar space 
This case is a combination system of direct cedars and wall thermal storage. The 
building that consists of two thermal zones: the solar space that is the greenhouse 
attached to the south face of building, which collects solar radiation, and an indirect 
heated space. The two zones are separated by a wall with slots or without windows. 
 
Figure 10: Operation of Greenhouse Effect 
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 Thermal storage roof (roof pond) 
The system operation is similar to the thermal storage wall, with the difference that 
the thermal mass for heat storage is in the roof of the building. Another characteristic 
is that there glazing and thermal mass consisting of water containers and works as the 
collector of solar radiation. 
 Conveyor loop or air collectors 
The collecting surface, which is constructed as flat plate collector of active systems is 
independent of the thermal storage heat. The transfer of heat from the collector to the 
storage and then to the heated space, is made with natural heat flow with the help a 
fluid (air or water). The system resembles the active systems with the difference that 
the heat transfer is made only with natural flow – like a thermosyphon operation - not 
with the use of mechanical means. Simple fans are sometimes acceptable to increase 
the efficiency of a system. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.7 Description of Passive Systems 
 
From the five passive systems, three main systems will described - direct gain, 
thermal storage walls and glass - that can easier be adapted to the Greek data. 
2.7.1 Direct or Indirect Solar Gain 
 
The most common way of exploitation the solar radiation for heating the buildings is 
committing her through the glass openings building. In this case, the building acts as a 
collector, storage and distributor of heat at the same time. 
The windows involved in the thermal balance of the building regardless of whether 
the design is conventional or energy. In the passive system of “Direct gain” the 
difference from a conventional key lies in the thermal performance of windows, at the 
materials and its size (surface and provided thickness) of structural elements (walls, 
floor, ceiling). The modern ones are made of materials (with heat capacity) to store 
heat, both useful for night and cloudy periods and to help to prevent overheating of 
the space. 
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Depending on the climatic conditions of the area, the size and orientation of the 
opening, the design of the building envelope and use of materials, large heat capacity, 
the savings in heating energy can range from 30% - 100%. 
The design criteria for a system involving direct energy gain: 
 The time of sunlight opening: Sunlight must be entering in the building in 
winter and keep clear at the summer period. The orientation and adequate sun 
protection contribute to this. 
 The type of glazing used. 
 The requirement for natural lighting of the building, which should meet the 
requirements of users. The large openings and create a risk of blur and 
reduction of people’s privacy. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.7.2 Thermal Storage Wall 
 
The thermal storage wall is a wall, generally southern, made with materials of high 
thermal capacity which acts as warehouse and distributor of heat. A glazing placed in 
a distance of 10 cm or more from him to the outer side, serves to capture solar 
radiation. 
With the beginning of the greenhouse effect the solar radiation which is concentrated, 
converted into heat in the space between the glazing and the wall. From there it is 
transmitted through the wall, by conduction or by transferring according to the 
construction. Simultaneously, the glass acts as an insulating layer to reduce heat loss 
from the hot wall to the exterior cold environment. 
Depending on the material used, the walls of thermal accumulation divided into: 
 Walls that are constructed on masonry i.e. cast concrete, blocks (full or holes) 
brick, stone and  
 Walls that are consisting of metal cans, plastic or concrete and containing 
water. 
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For the proper functioning of the wall, the depth of the heated space should not 
exceed 4.5 to 6.0 meters, which is the maximum distance to be effective heating area 
of the radiation emitted by the wall. 
A variant of the system is the wall of Trombe-Michelle. Is a thermal storage wall slots 
in the upper and lower portion, whereby the transmission is heat not only with 
conductivity than with natural thermosyphon. That is how the solar radiation passing 
through the glass as absorbed thermal radiation from the wall and the outer surface of 
the heated area (can be as high as the 650
o
C). Then, the heat transmitted to the air 
circulating between the glass and the wall. Since the ports are located in the upper part 
of the wall, the hot air enters the habitable space, while the cold, due to the negative 
pressure which is created, it enters the low counters in the space between the glass and 
wall where it is reheated. With this wall structure assigned additional heat in the space 
in the periods of sunshine and the space heating begins immediately with operation of 
the wall. At the evening by closing the doors, the wall acts as the classic thermal 
storage wall performing with radiation and indirect transfer of the heat which is 
accumulated in its mass. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.8 Greenhouse or Solar Space 
 
The attached area is a combination of passive system "direct gain" and wall heat 
accumulation. The solar space, the greenhouse is constructed on the south side of the 
building, surrounded by one or by three sides with glazing and the other by a solid 
wall with thermal mass and which is connected to the main building. 
The attached solar space has its roots in European architecture of 19th century - with 
atrium, solar rooms, greenhouses in covered glass streets and traditional Greek 
architecture has samples of custom solar sites.  
Usually greenhouses are spaces added retrofitted to the existing buildings with low 
cost and can serve many functions. 
The area of the greenhouse is heated directly from sunlight and acts as a passive 
system of “direct gain”. Simultaneously solar energy absorbed by the solid back wall 
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of the greenhouse is converted to heat and is transferred in the building. From this 
perspective, the attached greenhouse is an extensive system of thermal storage wall 
with the only difference that the glazing is not far from the wall with thermal mass a 
few centimeters but it is an in sufficient distance to create a living space for the day or 
a place where plants are grown. 
The greenhouse also acts as a barrier of heat losses of the building to the external 
environment (buffer zone). Almost every hour of day the solar space has a higher 
temperature than the temperature of environment and thus helps to reduce heat losses 
from the building. Without sunshine, the internal temperature in a greenhouse with 
double glazing reaches at least at 10
o
C when the outside is the 0
o
C. 
The yield of the attached solar space depends on the geometric shape and on how to 
connect the solar space with the building. Researches have demonstrated that the 
efficiency of the greenhouse is comparable and often better than the performance of a 
heat storage wall, which has the same surface of glazing. The additional heat loss 
through the ceiling and the wall which are surrounding a solar space are compensated 
by the fact that glazing has optimal slope and because there is more heat surface of 
storage with the use of floor area for the solar storage. The overall thermal efficiency 
of an emissions calculated at 60-75% coverage of the heating needs of the greenhouse 
in the winter months, while the adjacent habitable areas of the building reaches a 10 -
30 % of energy fell in surface of the greenhouse.  
Thermal Connection of Greenhouse with the building 
There are five basic methods for the transportation of heat from the Greenhouse to 
inner space of the building: 
 Direct irradiation inside the building, 
 by transferring the hot air from the greenhouse at the thermosyphon or by 
forced transfer, 
 by conduction through the dividing wall, 
 by using simple active systems of heat transfer and stored of it in the internal 
space from where it transmitted by radiation or transfer, 
 By combining all the above solutions. 
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In the method of direct irradiation in the building, a part of the common wall between 
the greenhouse and the building is covered with glazing. A significant proportion of 
solar radiation, depends on the design, that falls in the greenhouse enters the building 
directly through the openings, especially in winter when the sun is low on the horizon. 
Another percentage of the radiation remains in the greenhouse and heating it. In this 
situation the system operates as a passive system of "direct gain". Excess heat is saved 
on the various elements in the area mainly those which have thermal mass. The 
advantage compared to the system direct gain is that it reduces the heat loss through 
the glazing of heated space because it mediates the greenhouse, where it grows higher 
temperature than the outside environment. If it will be used single or double glazing 
in opening the building depends on the variance of temperature inside the greenhouse. 
The method which transfers the hot air from the greenhouse to indoors is based on 
natural thermosyphon or supported by using fans.  
For the physical transfer openings are required (windows or doors) in common wall of 
the greenhouse structure which open automatically or manually and thus creates 
natural circulation of warm air. The higher arranged openings in the partition wall and 
the higher the temperature in the greenhouse, the greater the flow of heat from the 
greenhouse in the main room. The heat given indoors can then be saved to the internal 
components, as in case of direct gain. 
If fans are going to be used with manual or automatic mode, the temperature can be 
channeled and at the northern areas that do not accept sunlight and can be saved to 
specific storage elements, or at their structural components. 
The transmission of heat by conduction through the common walls of the greenhouse-
structure is the most common and effective way to thermal bonding of the building to 
the greenhouse. In this case the separating wall has not a thermal insulation and 
essentially functions as the passive system of thermal storage wall of masonry or 
water. 
The effectiveness of the system depends on the same factors as and the system of heat 
storage wall: from the wall surface, thickness, material and color of the surface. 
When there is a water wall between the greenhouse and the building, the volume of 
water determines the variation of the temperature in the greenhouse and adjacent 
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habitable spaces. The greater the area of the water wall which elapsing between the 
green house and the area, the more efficient is the storage and transmission of heat. 
The use of simple energy systems for the storage of heat in space with crushed 
material (rock bed, lit de pieres), which method has not yet broad application, mainly 
uses fans to collect the hot air from the greenhouse to transfer it then with piping in 
places where heat will be stored on volumes with crushed material. This heat is 
assigned to the building or in the greenhouse usually without the use mechanical 
means, by irradiation and by the transfer into contact with the heated storage surface. 
This method is used mainly in moderate climates (17-7.2
o
C) where the day can collect 
much more heat as the necessary for space heating. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.9 Selection of Passive Systems: Advantages and 
Disadvantages 
 
The optimal solution for energy savings depends on the technical specifications and 
the financial payback of the additional expenditure invested to achieve the savings, in 
relation always to the economic results from the reduction of fuel consumption. 
For the election of the most suitable passive system for each case taken into account 
the advantages and disadvantages of each system mentioned with regards to their 
performance, the costs, the simplicity of construction and its influence on the 
operation of the building and the climatic conditions of the region. 
Then summarize the advantages and disadvantages of passive systems like below: 
2.9.1 Systems of Direct Gains 
Advantages 
 It is the cheapest passive system because the glazing is a relatively economical 
way to create a solar collector and are available everywhere. 
 It's the easiest system to build. In most cases, it is sufficed the correct location 
of openings. 
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 The glass openings contribute to many simultaneously functions, permitting 
entry of natural light in the building and the sight with the external 
environment. 
 Do not require additional thermal storage mass for participation to 25% of 
solar energy in space heating. 
Disadvantages 
 The risk of blur from the large openings. 
 The reduction of privacy. 
 The ultraviolet solar radiation that passes into space can alter textiles and some 
various objects. 
 The large surface of thermal mass needed when required solar holds more than 
50% (especially in cold climates). 
 The relatively large fluctuations of the internal temperature (9-12oC) which 
occur even in well designed buildings. 
 The high cost of night insulation required to reduce thermal losses. 
 
2.9.2 Heat Storage Wall 
Advantages 
 There is no risk of blur and spoilage fabrics from ultraviolet radiation. 
 The variations in the internal temperature are relatively small (less than the 
system of direct profit and the conveyor loop). 
 The long delay in the transmission of heat that has as the resulting heat is 
attributed to evening hours when it is more necessary. 
Disadvantages 
 The reduction of the southern exposures with a closed southern face. 
 Reducing the usable space of the building by the solid thick wall. 
 The high cost of night insulation is necessary in cold climates. 
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2.9.3 Attached Greenhouse 
Advantages 
 Creates an additional living space with little cost. 
 Creates space for growing plants. 
 It works as a barrier of heat losses of the building. 
 Integrates easily into existing buildings. 
 The temperature fluctuations in the habitable space are small (1.8-4.8oC). 
 Construction costs are relatively small. 
Disadvantages 
 The thermal efficiency is greatly influenced by the design and therefore it is 
difficult to predict. 
 There is a risk of overheating, if you are not taken the necessary steps for 
shading and ventilation. 
 
2.9.4 Heat Storage Roof 
Advantages 
 The heating or cooling is distributed evenly in the whole building in 
comparison with other passive systems. 
 The temperature fluctuations in the building are small (1.2-2.4oC) 
 No risk of blur and distortion of the objects from ultraviolet radiation. 
 Used simultaneously for cooling spaces. 
Disadvantages 
 The great weight of the thermal mass in the roof burdens the static system, 
especially in earthquake-prone areas. 
 The roof surface which is available for storage will be least 50% of the overall 
floor plan of the building to be satisfactory participation of solar radiation to 
the heating requirements. 
 The construction to support the mass of the roof is costly. 
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2.9.5 Air Collectors 
Advantages 
 Do not create glare and risk from UV radiation. 
 It is one of the cheapest systems of solar energy. 
 Not required thermal storage for solar participation until 25%. 
 Easily integrate the southern sides. 
 Easily integrates into existing buildings. 
 The nighttime heat losses are smaller than all systems because the collector is 
isolated thermally from the building. 
Disadvantages 
 It creates additional construction and morphological problem 
 Special caution is required in the construction so a correct flow of air will be 
applied. 
 The thermal energy is transmitted from hot air and requires special 
construction for its storage. 
 When thermal mass is used for heat storage, the system has a high 
performance if the collector is positioned below the building and the thermal 
mass, which is difficult to achieve in conventional structures. 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
2.10 Energy Design in Existing Buildings 
 
The dominant element of bioclimatic design of a building, as mentioned, is balancing 
the “heat balance” of the space, i.e. the balancing thermal gains and thermal losses. In 
case the heat gains are insufficient to cover the heat losses of the building during 
winter, heat is fed indoor by installing heating so there will be a cover for the 
difference in balance. Correspondingly in summer, in case the heat gains cause 
warming, induced the additional heat load (provided in the cooling space), to again 
balance. 
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Therefore, to achieve in the existing buildings the reduction of consuming energy for 
heating during the winter season, the heat loss of the building restricted as far as 
possible(with losses conductivity or ventilation) and to increase the thermal solar 
gains. Similarly, the summer should be sought to minimize the heat gains from solar 
radiation and at the same time, increasing the natural cooling or ventilation of the 
building, in order to avoid overheating in the interior space. 
During the design process of new buildings, the designer-architect must take into 
consideration a set of parameters, institutional, structural and designing, which 
ultimately determine the shape of the building. In the general debate about 
architecture composition is added and the design of energy building. 
In the process of improving the existing building the possibilities of building 
intervention at the building, include: 
a) The reduction of thermal conduction losses from the building elements with 
the addition of retrospective insulation in solid elements and improvement or 
replacement of frames targeting new frames to have a better U-Value. 
b) The reduction of the thermal losses by creating ventilation, improve air 
tightness of openings and reducing the hole-escapes of heat (e.g. chimneys). 
c) The application of mobile night thermal exposures (e.g. safety sheets) to 
reduce heat loss at night, when appears the 2/3 of the heat losses of 24hours. 
d) Increasing thermal annuity from the sun for the winter season with increased 
southern exposures, adding passive systems or using reflective surfaces 
e) The reduction of incident radiation in summer with provision of adequate sun 
protection. 
f) The increase of the natural ventilation and cooling, to the correct use of 
exposures for which new frames might need with the appropriate opening 
sections. 
g) The appropriate landscaping of the immediate surrounding area in order to 
deal of the wind, according to the season, and therefore the reduction of heat 
losses or increasing the natural cooling (e.g. planting-barrier of winter cold 
wind or a forestation which is leading cool winds to the building for summer). 
(http://www1.eere.energy.gov), (http://www.climatechange.gov.au), (http://www.solarbuildings.ca) 
 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 44 
 
3 HEALTHY HOSPITALS 
Energy Consumption 
Buildings consume energy to achieve thermal and visual comfort within the premises, 
as for the use of electrical devices. The final energy consumption of buildings in 
European Union countries is around 350 Mtoe per year, not including the contribution 
of renewable energy sources. The bulk of the energy consumption of buildings is 
covered by gas, 116 Mtoe, oil 99 Mtoe, electricity 91 Mtoe, and fossil fuels with 11 
Mtoe. 
The buildings in Europe have a large proportion in energy needs and are covered from 
the indirect use of solar radiation, so as the other atmospheric sources. In this case the 
total energy consumption of buildings is estimated to be 740 Mtoe of primary energy. 
The distribution of the different fuels is now 43% other fuels to produce electricity, 
20% from direct use of oil, 18% from direct use of natural gas, 6% from other fossil 
fuels and 15% from solar energy. 
Based on the research of 2008, that corresponds approximately 1.2 Mtoe of 2.04 toe 
per year per capita to meet the energy needs of buildings in Europe. The temporal 
change in recent years is slightly increasing and the annual growth rate of 
consumption in buildings is equal to 0.7%. The annual energy consumption of 
buildings in Greece is approximately 4.6 Mtoe, and corresponds to 0.55 Mtoe of 
energy per capita in the year (about half of the equivalent consumption in the rest of 
Europe). The temporal evolution of the energy consumption of buildings in Greece is 
clearly increasing and the annual growth rate of energy consumption in buildings is 
about 1.8%. 
Type of 
Building Cooling 
kWh/m^2/y 
Heating 
kWh/m^2/y 
Lighting 
kWh/m^2/y 
Equipment 
kWh/m^2/y 
Total 
kWh/m^2/y 
Office 24 95 20 48 187 
Mall 18 74 19 41 152 
School 2 66 16 8 92 
Hospital 3 299 52 53 407 
Hotel 11 198 24 40 273 
Table 5: Average energy consumption of different types of buildings by type of use 
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The specific energy of various types of buildings in Greece, measured within recent 
research program. The results of this study allowed the knowledge of final 
consumption per use. 
As can be observed the space heating is the most important specific energy 
consumption for all buildings in the country. This is due to a number of parameters 
associated with the number of installed heating and air conditioning kinds of 
protecting the buildings during winter and summer, as the fact that the cooling of 
premises used electricity and equipment with efficiency much greater than one. 
A more realistic overview of what each consumption is given if the comparison is 
restricted only for buildings that have both heating and cooling. 
Details of such a comparison are given on Medical buildings. As noted the existence 
of systems mechanical conditioning, dramatically increases overall energy 
consumption of buildings. 
 (http://www.ypeka.gr) 
Type of 
Building 
Cooling 
kWh/m^2/y 
Heating 
kWh/m^2/y 
Lighting 
kWh/m^2/y 
Equipment 
kWh/m^2/y 
Total 
kWh/m^2/y 
Mean Energy 
Consumption 
in Hospitals 3 299 52 53 407 
Consumption 
of Hospitals 
with heating 
and air 
conditioning 112 405 87 66 670 
Table 6: Distribution of the direct energy consumption of Hospital buildings and assemblies while installing 
heating and air conditioning 
 
Specifically, it is observed that the consumption of air conditioning devices has 
increased overall energy consumption by 109 kWh per square meter and year. This 
consumption is also the average energy consumption of air conditioners in the 
country. 
(http://www.ypeka.gr) 
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3.1 Energy Performance Legislations and 
Standardization 
 
The European Directive 2002/91/EC on the energy performance of buildings (EPBD), 
requires from 2006, the issue of Energy Performance Certificate for almost all 
categories of buildings in the European Union. With the certificate assigned to 
building a numerical index to benchmark energy performance. While accompanied by 
recommendations for improving the energy performance of the building, which will 
have economic benefits. 
However, EPBD sets some requirements as regards to the general framework for the 
methodology of calculation of the integrated energy performance of buildings. It is 
important to use the minimum energy performance requirements for new buildings 
and for major renovation of existing buildings. The energy performance is to be 
upgraded in order to meet minimum requirements, only if it is technical, functional 
and economical feasible. In case of large buildings alternative energy supply systems 
should be considered, for example:  
     
The methodology implemented for the calculation of the energy performance has to 
include the following aspects: 
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The positive influence of the aspects has to be taken into account the active solar 
systems and other heating and electricity systems based on RES, the electricity 
produced by CHP, the district or block heating and cooling systems and of course the 
natural lighting. 
By Law 3661-Measures to reduce energy consumption in buildings Gazette of 
Government 89/19 of May 2008 harmonizing the Greek legislation with Directive 
2002/91/EC of the European Parliament and of the Council of 16 December 2002 "On 
the energy performance of buildings" (E.U. L1, 4.1.2003). The Law 3661 incorporates 
all the provisions of the Directive provides for Regulation on the energy performance 
of buildings and distinguishes five main thematic sections, which concern the 
determination of minimum energy performance and the method for calculating energy 
performance new and existing buildings, certification of energy return, inspections of 
boilers and conditioning, and provide skilled and accredited energy auditors. 
In today's market there are a lot of decent software to study the energy performance of 
buildings in accordance with the requirements of applicable law. Companies like 4M 
and Civiltech issued complete and approved by the state computational tools. The 
software of TEE, used in Greece, is the first approved software incorporating with the 
standards of K.EN.A.K. and gives accurate results. As expected, each of these tools 
has advantages and disadvantages compared with the other. But the fact is that for any 
given building study results extracted from each of them, don’t differ from each other. 
(www.tee.gr), (www.ypan.gr), (www.buildup.eu) 
On the other hand, there are organizations in the U.S. who provide support, training 
and certifications for architects and engineers involved building design and 
operations. Activities include the setting of design and operations standards for 
medical buildings especially, but for other buildings as well: 
American Institute of Architects (AIA) 
The AIA publishes the Guidelines for Design and Construction of Health Care 
Facilities, commonly referred to as the AIA Guidelines30, on a four-to-five year 
revision cycle. This guidance document is referenced by many federal and state 
jurisdictions. While it was originally created to provide minimum construction 
standards for hospitals, it has evolved to include engineering systems, infection 
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control, and safety as well as architectural guidelines for design and construction of 
hospitals, outpatient facilities, and other types of health care facilities.  
The Guidelines are intended for use during new construction. The Facility Guidelines 
Institute oversees the revision process and the work of the Health Guidelines Revision 
Committee. 
(www.aia.org), (www.fgiguidance.org) 
 
American Society for Healthcare Engineering 
(ASHE) 
According to its web site ASHE is a professional society that is “dedicated to 
optimizing the healthcare physical environment” (mission statement), with a vision to 
“engage stakeholders in the creation of the optimum healing healthcare environment.” 
ASHE has the following content advisory committees: 
 Facilities Management 
 Planning, Design & Construction Management 
 Safety, Security, Emergency Preparedness & Disaster Recovery 
 Technologies/Clinical Engineering 
The ASHE web-site provides a list of relevant codes and standards with brief 
descriptions and active links. Included are all of the guides noted above and others. 
As described above, ASHE publishes the Healthcare Energy Guidebook which is 
based on a nationwide survey of hospital facility managers and includes information 
about the facilities, engineered systems, practices and EPA Energy Star scores. The 
Green Building Committee of ASHE created the Green Healthcare Construction 
Guidance Statement (Developed in January 2002, revised October 2004) for use in 
conjunction with the ASHE Sustainable Design Awards Program. 
(www.ashe.org) 
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American Society of Heating Refrigerating and Air-
Conditioning Engineers (ASHRAE) 
The mission of ASHRAE (ashrae.org) is “to advance the arts and sciences of heating, 
ventilating, air conditioning and refrigerating to serve humanity and promote a 
sustainable world.” ASHRAE publishes or co-publishes an array of standards of broad 
relevance to building ventilation and energy use including the following: 
 Standard 55-2004: Thermal Environmental Conditions for Human Occupancy, 
published in cooperation with the American National Standards Institute 
(ANSI), “specifies conditions in which a specified fraction of the occupants 
will find the environment thermally acceptable.” 
 Standard 62-2001: Ventilation for Acceptable Indoor Air Quality, published in 
cooperation with the American National Standards Institute (ANSI), sets 
minimum ventilation rates and other requirements for commercial and 
institutional buildings. 
 Standard 90.1-(YEAR): Energy Standard for Buildings except Low-Rise 
Residential Buildings, published in cooperation with ANSI and IESNA 
provides the minimum requirements for the design of energy efficient 
buildings. 
Of special relevance to the health care industry is ANSI/ASHRAE/ASHE Standard 
170-2008 Ventilation Standards for Healthcare Facilities. 
ASHRAE also co-publishes advanced energy design guides (AEDG), which are 
currently available for K-12 schools, small retail, small warehouses and self-storage, 
and small office buildings31. AEDGs for small hospitals are nearing completion32 and 
work has begun on an AEDG for large hospitals. 
The technical work of ASHRAE is organized through technical committees (TCs) and 
accomplished by the voluntary service of its members; TC9.6 focuses on healthcare 
buildings. 
(www.asherae.org) 
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California Society for Healthcare Engineering 
(CSHE) 
The CSHE is the California affiliate to ASHE, with a stated mission “to serve as a 
resource for the personal and professional development of members, so that they are 
the best in the health care environment and qualified to address the unique needs of 
health care organizations.”  
(www.cshe.org) 
 
IEEE 
The following description is extracted from the IEEE web site: 
“A non-profit organization, IEEE is the world's leading professional association for 
the advancement of technology. The IEEE name was originally an acronym for the 
Institute of Electrical and Electronics Engineers, Inc. Today, the organization's scope 
of interest has expanded into so many related fields, that it is simply referred to by the 
letters I-E-E-E (pronounced Eye-triple-E).” IEEE publishes a design guide (IEEE, 
2007) for electrical systems in health care facilities. 
(www.ieee.org) 
  
 
 
3.2 Saving and Substitution of Energy in Hospitals 
 
The Need for Energy Efficiency in Hospitals 
The increased operating costs of hospitals and the environmental pollution lead to the 
need of use modern facilities and renewable energy. Because of the special 
characteristics of hospitals (large size buildings, 24 running throughout the year, 
maintaining the internal temperature, the simultaneous operation of many medical 
machines), energy consumption per unit area is very high and even twice as high as 
the rest of the public buildings. The energy upgrade of hospitals requires the creation 
of «smart» - green facilities, reducing energy costs in the medium term. 
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Research Centre for Renewable Energy Sources (CRES) to reduce energy wastage of 
public buildings in the country, finds many problems and shortcomings in terms of the 
building covering and the electromechanical equipments especially in older buildings 
(inadequate insulation, dilapidated equipment, lack of energy management program, 
etc.). By implementing cost-effective measures for energy upgrading of buildings can 
achieve savings of at least 20% (132 GWh annually in all hospitals), which refers into 
savings of a quantitative of 9 million € annually. The study, among other things, 
focused on eight hospitals where the average power consumption is 427 kWh/m
2
, 
while for example in France, consumption reaches 345 kWh/ m
2
 average.  
(www. energypress.gr) 
 
It is a fact that energy needs are growing constantly at European and global level. 
Even in countries like Germany, which is a model in energy saving measures, the cost 
is increased for fuel in 2,139 hospitals by 18.1% from 2002 to 2005, while other 
operating expenses increased only 6%. Similarly, in Austria operating costs for 
energy increased from 2006 to 2008 by 50 %. In Greece today, energy consumption in 
the building sector reaches 36% of total energy consumption and 65 % of all buildings 
built before 1980 do not have insulation and heating systems are obsolete. 
Considering, therefore, the age of the majority of hospitals and the fact that it is 
highly energy-intensive buildings, it becomes necessary to take energy saving 
measures. 
(http://www.healthview.gr/ ) 
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Figure 11: Energy Balance in a hospital (ECN 2002) 
 
The CRES study among the eight Hospitals in Greece 
Model of energy waste are the public buildings in the country, as shown by the data of 
the Centre for Renewable Energy Sources (CRES), which reveal many problems and 
shortcomings as regards the building envelope and the electromechanical equipments. 
But as is clear from the research despite the problems identified especially in older 
buildings (inadequate insulation, dilapidated equipment, lack of energy management 
program, etc.) but there is significant scope for saving energy. 
By implementing measures of low and medium cost for energy upgrading of public 
buildings can achieve savings of at least 20%, which is only in hospitals translates 
into savings totaling € 9 million annually. 
Seven interventions, which are considered more efficient in terms of energy 
consumption but also the financial side (cost, small payback) proposes research of the 
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Centre for Renewable Energy Sources (CRES) to reduce energy wastage of public 
buildings in Greece.  
This pilot study covered 25-of the approximately 70,000-public buildings throughout 
Greece and specifically the House of Parliament, six minister buildings, eight 
hospitals, four prefectures, a university building NET, and the Observatory, both 
airports and Alexander Melathro of Thessaloniki. 
It is focused on a 24-hour in buildings and specifically the eight hospitals that are a 
priority for energy upgrade via the "saved at home" program. The average total power 
consumption of the eight hospitals is approximately 427 kWh/m
2
 and ranges from 224 
kWh/m
2
 in South Aegean Islands and reaches 710 kWh/m
2
 in Athens. 
(http://www.cres.gr/kape/index.htm) 
 
 
Table 7: Energy Indicators in 8 Greek Hospitals  
 
From the evidence it is suggested that there is a great variation of consumption of 
buildings due to many reasons such as: use, the date of construction and condition of 
the covering, the level of thermal insulation, the climate zone, the age and level of 
maintenance of mechanical equipment, the air conditioning of the premises, the level 
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energy of management etc. It also appears that heating of hospitals consumes 75% of 
energy, while only 25% is for electrical use. 
Regarding the electromechanical equipment, according to the study, this presents a 
significant variation between the buildings. However, the largest percentage of the 
installed capacity (and energy consumption) relates to the thermal consumption (space 
heating, hot water, etc.). Regarding the electrical charges, the highest percentage of 
installed power and energy consumption is for air conditioning (or cooling), lighting 
on office equipment and follow the remaining electrical consumption (traffic etc). 
Problems and management beside the technical and construction problems occur in 
buildings of the public sector and especially hospitals are major problems related to 
the administration and operation. 
The most important ones are:  
 Lack of energy management programs.  
 Lack of technical and specialized personnel in Energy Management,  
 Conservation and Renewable Energy.  
 Lack of information of the users for on energy saving in buildings and rational 
use of energy. 
The proposals of CRES to reduce consumption by cost-benefit include:  
 Measures to improve the shell (insulation, closing cracks, etc).  
 Upgrading Network Systems Heating-Cooling.  
 Installing solar system to produce hot water. Replacement fuels (natural gas or 
LPG).  
 Upgrade Lighting System (Redesign, Installation of Economic Lamp type, 
Upgrade light fixtures, etc.).  
 Combined Heat and Power.  
 Installing individual automation in air conditioning systems, lighting and 
central control system (BMS). 
 Implementation Organizational Management Plans and Energy Savings ways 
of reduction of energy and money. 
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The research, based on the results of analyzes suggests seven interventions, which are 
considered more efficient in terms of energy consumption but also in a financial side 
(cost, short payback periods) as well: 
1. Replacing of oil with natural gas or upgrading or replacing burner dual fuel 
burners and old boilers with new high efficiency (Energy savings of 5% - 10% 
savings money around 20% - 30% and repayable in 1-5 years). 
2. Installation of Central Solar Systems in hospitals. By applying this procedure 
achieved 100% substitution of oil or natural gas with solar energy for needs of 
hot water (70% of the desired load). The simple payback periods ranging 
between 4 and 9 years. 
3. Installation of Automation systems and centralized automatic control 
systems (BMS) (saving 10% - 20%, to be repaid in 2-5 years). 
4. Replace incandescent bulbs with more financial efficient types (saving 80 % 
repaid in 1-2 years). 
5. Installation of Combined Heat & Power in hospitals. By applying this 
procedure it is achieved a final energy consumption saving of around 30% - 
40% at electricity generation stations, savings of 25% - 35%, to be repaid in 4-
7 years. 
6. Replacing old fixtures and installing high frequency ballasts (HFB) in place 
of conventional. By applying this procedure is achieved an energy saving rate 
of around (saving 40 % - 50%, repayable in 3-16 years). 
7. Upgrade air conditioning system. In this case it is proposed to install central 
air conditioning system. In this way, it achieves better control and less 
consumption than in the installation of many autonomous units (split). 
The data used for performance assessment of interventions derived from the results of 
energy audits in public buildings as well as the results of simulation analysis in the 
then Rules of Rational Use and Conservation of Energy. Specifically assessed the 
contribution of interventions on the overall energy balance of buildings in percentage 
and based on this assessment and the existing condition of the building is aware of the 
user’s software automatically calculated by the program both the consumption and the 
energy savings and the emissions. (http://www.ecohospitals.gr/), 
(http://www.cres.gr/kape/index.htm) 
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3.3  Methods for Saving Energy in Hospitals 
 
 
The energy consumption depends on factors such as:  
 The way of using the energy, 
 The date of construction and condition of the covering,  
 The level of thermal insulation,  
 The climate zone,  
 The age and level of maintenance of mechanical equipment,  
 The air conditioning of the premises, 
 The level of energy management etc. 
International experience indicates that approximately 75% of the energy consumed by 
the heating of hospitals and 25% for electricity consumption. 
The proposed measures in the international literature and the Center for Renewable 
Energy Sources (CRES) for the energy upgrade and savings based on cost-benefit is 
roughly as follows: 
 The application of Building Energy Management System (BEMS). The 
BEMS contribute to the rational use of energy through the precise control of 
electromechanical installations. The system can lead in reducing the 
consumption of heating, air conditioning and lighting to 30%. The German 
clinic Bremerhaven applying BEMS, and managed to reduce energy costs 
since 2007 at € 1million and CO2 emissions by 25%. While in Newcastle, 
England by applying BEM, the energy consumption of health services 
decreased by 26%, saving £ 1million per year. The repayment is achieved in 
2-5 years. 
 Installing Cogeneration Heat and Power (CHP) system that uses natural 
gas. Result in energy savings of 15-40 %. The Metropolitan Greek private 
hospital has installed CHP plant covering 45% of its energy needs and saving 
30% of the costs of using conventional energy. The repayment has duration of 
4-7 years.  
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 Configuring rational behavior and ecological awareness among employees 
that make use of energy. A hospital in Switzerland this method saved € 
102.000 in the first year. 
 CRES proposes replacing oil with natural gas or upgrading or replacing the 
burners with dual fuel burners and old boilers with new high efficiency. The 
energy savings through these interventions is of the order of 5%-10%, the 
savings is around 20%-30% and the repayment period is approximately 1-5 
years. 
 Installation of central air conditioning system. This way enables better 
control and less consumption than in the installation of many autonomous 
units. 
 Installation of Central Solar Systems. By applying this procedure is 
accomplished entirely substitution of oil or natural gas with solar energy for 
needs of hot water. The payback periods ranging between 4 and 9 years. 
 Replace incandescent lamps with more economic lamps (saving 80% 
repayment in 1-2 years). 
In particular the procedures for energy saving options are presented with more details 
in the upcoming chapters. Those are divided into the following parts: 
 HVAC 
 Steam  
 Compressed air  
 Lighting 
 Cogeneration 
(http://www.cres.gr/kape/index.htm) 
 
3.4  A Comparative Assessment on the Basis of Energy 
Consumption 
 
The medical sector is one of those that there is lot information available concerning 
energy consumption. That is why the energy benchmarking has enough opportunities 
in comparing the energy consumption of different hospitals. The parameter used for 
comparison in benchmarking is very important. There are two techniques which are 
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the most commonly used for benchmarking, the energy consumption per square meter 
(m
2
) or per bed (per patient). For these techniques is important to keep in mind that 
they are based on technical characteristics of the building. One difficulty that stands in 
the way of benchmarking is the degree of outsourcing in the hospital: some hospitals 
contract out e.g. their catering or laundry activities, which off course leads to a lower 
energy consumption by the hospital itself. 
(http://hospital2020.org) 
 
3.4.1 Integrated Design and HVAC Systems 
 
For the control of the climate in the buildings and various applications in hospitals 
there are usually a variety of air conditioning units offered, allocated among the 
different areas of the building.  
The air can be either heated, cooled, humidified or filtered but it always depending on 
the application. The first three applications are generally done by a central generating 
station of H&C.  
 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
The most vital locations that need to be conditioned in a hospital are of course the 
operating theatres. Distinct HVAC units are used for that kind of case, which of 
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course have to meet some special regulations that apply (as regards smoothness of 
inside walls, ease of complete cleaning, etc.). Such an HVAC unit consists 
fundamentally of the subsequent components: 
 Fresh air intake section 
 Coarse filtration 
 Heat recovery unit 
 Preheating unit 
 Cooling unit 
 After-heating unit 
 Fan 
 Moisturizing 
 Fine filtration 
 Extraction section 
The operating theatres are units typically equipped with a filter ceiling, i.e. the ceiling 
is composed of a grid fitted with a High Efficiency Particulate Air filtering (HEPA) 
which ensures that no harmful particles are blown into the theatre. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
The ventilation system operates with the standard of downflow, with the air being 
blown in from the ceil through the roof at a certain speed above the operating table, 
where there is more risk of infection, so as to protect open wounds, surgical theaters 
instruments etc.  
The operating rooms maintained at overpressure relatively to neighboring rooms, so 
as keeping out dirt and the contamination.  
Most of the hospitals have many surgery rooms, so there is usually one central air 
group that creates overpressure to all those areas, which provides fresh air and take 
out the basic conditioning for all this application. Furthermore, there is a separate air 
conditioning unit for each surgery, which provides for the required specific 
conditioning group conditions.  
The air extraction is equipped with: 
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 Coarse filter 
 Heat recovery unit 
 Fan 
 Export section 
The consumed energy within a unit of HVAC application is explained by following 
main appliance: 
 Heat, for heating the air 
 Cold, for cooling and air drying 
 Electricity, lead followers 
 Steam, moisturizing the air  
The most common energy saving measures for HVAC systems in hospitals are 
presented below: 
 Mounting frequency controllers for fans 
 Recovering heat from the exhaust air 
 Optimization of operating hours 
 Optimization of temperature and humidity 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
Reduction of ventilation flow rate in a polyclinic during the night 
Assuming, that there is a medium-size hospital. There are several HVAC systems in 
hospital with various sub systems for each part of the building. The various HVAC 
systems are controlled by a management system building, HVAC parameters 
according to the requirements of the different parts. 
It is also has its own installation of air conditioning which operates 24 hours a day, all 
week long. Nevertheless, the general hospital is not open 24/7, which means that 
unnecessarily HVAC systems are running for some time. 
When unit is not in use, the flow rate of air can be reduced HVAC to 50%. 
Theoretically, the system can be switched off completely, but for this calculation 
purpose of a percentage of 50 % is given. It is also unspecified that the HVAC system 
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can operate at 50% for 9 hours daily, during which time the humidification can also 
be deactivated. 
The savings achieved are less power consumption of the electricity in the ventilation 
fans and lower gas consumption, since less air must be preheated and less steam is 
required for the process of humidification. 
The HVAC settings are presented below: 
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The yearly saving amount of energy is to 10 Mwhe/y and 13 MWhth/y, this means that 
there is a financial saving of 1190 €/y, having no required investment capital. 
(http://www.eia.gov/consumption) 
 
Heat recovery in an HVAC group 
Assuming that there is a hospital of medium-size, as before. There are various HVAC 
systems with heat recovery in the hospitals but there are always some of them which 
do not have. 
Nowadays, there is no heat recovery from the extraction air in the office HVAC 
systems, which means that energy is lost without need. In the air ducts which are 
leading to and from the HVAC unit there is adequate room to install heat recovery. 
Only 50% of the heat from the extraction air, a Twin-Coil heat recovery system could 
recover. This system has property of a practical feasibility of installing it in the 
existing air ducts. 
Estimated savings & investment 
The savings in energy is because of the consumption of natural gas, there is less air 
that must be heated due to the fact that a part of the pulsed air is heated using heat 
from the air extraction. Then again, the amount of electricity consumed is higher, 
since placing a Twin-Coil creates additional resistance in the air duct, which must be 
overcome by the fans. 
So, now the HVAC settings are as follow: 
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The yearly saving amount of energy is to -4 MWhe/year and 85 MWhth/year this 
means that there is a financial saving of 2230 €/y. The estimated amount of the 
investment is 15000€, resulting in a payback time of 6.7 years (comprise installation 
of a Twin-Coil heat recovery unit). 
(http://www.eia.gov/consumption) 
 
3.4.2 Compressed Air 
 
Compressed air is one of the most important sources, forms, of energy that need in a 
hospital. Basically, this depends from the requirements of the hospital, which can be 
divided into technical and medical compressed air. 
Medical Compressed Air 
The medical compressed air has numerous uses in a hospital. Respiratory support for 
patients and moving of the surgical tools are some of its usage. There are some very 
stringent requirements that must be imposed not only on the same compressed air, 
other than that, on the equipment used for its production.  
Below, they are presented some important legal requirements: 
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 (http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
In practical perspective, the pressure of the compressed air is also an important factor. 
The surgical tools which are elaborated by compressed air at a pressure of about 10 
bars are normally required. As the compressed air installation is already complicated 
and has a high amount of cost due to legal requirements, in many cases, all medical 
compressed air produced in the 10 bars, although such a high pressure only needed for 
surgical instruments. Thus, it is important to realize that reducing the compressed 
pressure at 1 bar yields a saving of around 6%. 
Technical compressed air includes all other applications that have not to meet the very 
strict requirements for medical compressed air. Therefore, is comparable with 
compressed air found in the industry, and is used to activate among other things 
controls HVAC (valves and blinds), for use in garages and holding receptacles 
pressure. With the required temperature for technical compressed air to be 5 or 6 bar 
lower than for medical compressed air. It is also desirable, from the energy point of 
view, to make a division between the medical and technical compressed air. On the 
other hand, in practice, it often happens that the systems are not divided, due the 
relatively low consumption of compressed air and the complexity of installations the 
compressed air. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 65 
 
Splitting up the Compressed air network and using a Frequency 
Controlled Compressor 
Generally, by assuming of a medium-size hospital again that can use both medical and 
technical compressed air, the consumptions can be measured as below. 
This compressed air installation contains three compressors 37 kW each. These 
compressors create the entire compressed air, without splitting up (medical or 
technical). The surgical tools require a pressure 11bar, so that all the air compressed 
produced at this pressure. The air is going to be dried by absorption compressors 
drying. With a simple use of ON/OFF setting, without frequency regulation, the 
compressor is activated. When there is no load, the percentage of time is 45% on 
average. At zero load there is no production of compressed air from the compressor, 
but still consuming up to 25% of their nominal power. 
For the purposes of this study used this case, the following consumption values:  
 
By splitting the network of the compressed air into medical and technical, the second 
part can be produced at lower pressure 6 bar, with lower quality requirements. It was 
also proposed to install an additional two compressors (one for each network) with 
frequency regulation, thereby reducing the consumption of zero load to its minimum. 
Two of these compressors were stored as a support for the medical compressed air, to 
ensure the necessary redundancy. The third compressor was to be used to provide for 
technical compressed air as the base load, having a frequency–controlled compressor 
which is dealing with fluctuations in the consumption of compressed air.  
The savings that were achieved by reducing the pressure, reducing energy 
consumption at zero load and making savings in drying and cleaning the technical 
compressed air. The savings are calculated as follows: 
Reducing the pressure of the technical C.A.: 
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The yearly saving amount of energy is to 90 MWh/year, this means that there is a 
financial saving of 7200 €/y. The estimated amount of the investment is 40000€, 
resulting in a payback time of 5.5 years, by installing two frequency regulated 
compressors of 12.5 and 37 kW. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
3.4.3 Steam 
 
The steam is used largely in hospitals: allowing high energy densities and enables 
large amounts of energy to move around easily. Steam can easily be produced from 
water, which exists everywhere in large quantities. In addition, steam plants are 
moderately easy to set up. Steam is used for many basic applications in hospitals, 
including sterilization, humidification and heating and hot tap water. Please note, 
however, that the steam heating is not always the best solution as a heating system 
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(decentralized or not) that operates at lower temperature is more suitable for space 
heating. For production and distribution of steam, it is important to observe the 
following rules of thumb. 
Ensure good pipe insulation. Losses from non-insulated pipe are huge. Fittings as 
valves and flanges should also be well insulated. By way of illustration , an insulation 
DN125 valve at a temperature of 175 °C has heat loss of 670W or 5,9 MWh/y. 
Condensate return pipes should also be insulated. The more heated the condensate is 
returned to the boiler, the lower the power consumption. Every 6°C in temperature 
increase yields an energy saving concentrate by 1%.  
Steam leaks must be limited as much as possible. A leaking steam diameter of 3mm in 
a system at a pressure of 10 bars loses 36 kg steam/h. 
Flue gas losses must as low as possible. This can be easily been managed by keeping 
the flue gas temperature as low as possible. The recovery of heat from the flue gases 
can be done in various ways 
 
Figure 12: Possibilities for recovering heat from a boiler 
 
Various signs also must be respected when it comes to consumers of steam:  
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(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
Switching off the steam humidification in summer 
Assuming once more a hospital constructed in a medium sized which has a central 
steam generation. However it has a low efficiency because of its old generation 
system (approximately 35years old). Steam is also purchase from outside. 
Moreover the steam humidification keeps on operating during the summer period, but 
there is also known that there is moisture in the atmospheric air that meets the 
necessary requirements. This mean that the steam pipe network is also kept up to 
temperature during the same period. 
On the other hand, in the summer period the steam humidification can be switched 
off, this can occur when the air humidity is high enough. Also in the four months of 
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summer period it is possible to shut down the entire steam pipe circuit because of the 
number of humidification gram-hour. 
So a saving of steam consumption can easily achieved for steam consumption for 
humidification, thus there will be lower losses in the steam circuit. So the 
consumption is 150 tones for the four months of summer. Assuming that the steam 
costs approximately 61€/tone, then the savings will be 9150€ with investment cost 
equals to zero. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
Hot tap water production by means of a directly fired boiler 
Having again the same size of hospital, as before, with a central steam generation 
which can operate with two boilers. 
The hot water is generated by steam produced from the two boilers with the help of 
two water heaters, with a consumption of 100m
3
/week. 
Because steam is very expensive form of energy, which is caused of the high 
temperature that is generated, it is used to heat water to a temperature of 70
o
C. So it is 
more efficient to produce the hot tap water directly from the fired boiler. By using this 
method, the avoidance of the losses that occur during steam generation and transport 
are prevailed. 
The savings are achieved in terms of the efficiency of the hot water generation. The 
efficiency of a directly fired boiler is higher than that of a steam boiler and the 
associated steam transport efficiency. 
Savings can be determined as: 
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The yearly savings of energy are about 78MWh/y or 2340€/y. However, there is an 
investment cost of the HR boiler, gas pipe and exhaust flue and that is around 10500€, 
that means the payback period is 4.5years. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
3.4.4 Lighting 
 
Another large energy consumer in hospitals is the lighting, like in every building. 
Research shows that the energy consumed in hospitals by lighting is nearly 20% of 
the total energy. So there are two main categories of energy saving from lighting and 
are discussed below. 
A quick way of saving can easily achieve with “smart switching” of lighting. There 
were many times that the lighting was unnecessarily switched on e.g. when there is 
daylight or when nobody was in the room.  That is why some advices must be given 
for the correct use of lighting by getting the above equipment: 
 Daylight sensor  
 Presence sensors 
 Connection to the building management system (BMS) 
 Timers 
Fluorescent tube lighting (TL) is commonly used in hospitals. Having not only 
efficient but also with a good providence of the quality of light. So, semi-conductor 
light sources or LED’s are expected to be even more efficient than fluorescent tubes 
in future, but currently fluorescent tubes still dominate in tends of light color and 
efficiency. 
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Separately from the light source, there are also two important factors that influence 
the energy consumption of a lighting installation.  
The first is the ballast used for the fluorescent tubes. There are two types of ballast: 
magnetic and electronic. Magnetic ballasts have the weakness that there is a high 
amount of losses of energy in the ballast itself, as much as 20% of the energy 
consumption of the light source. This means that or a 58W fluorescent tube, there are 
about 13W which are lost in the ballast. Electronic ballasts on the other hand have 
losses of only 1-2%. Magnetic ballasts still tend to be used widely in hospitals that are 
more than 5 or 10 years old. 
The light fitting is the second factor that influences the energy consumption, in 
particular the optics, with the level of reflectivity of the optics playing a significant 
role. As much higher the reflectivity of the fitting, the higher and the light emission 
with greater efficiency will be. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
Replacing conventional magnetic ballasts 
With a hospital size as mentioned before and having most of the lighting consisting of 
fluorescent tubes, there will be the given case study. Though, there is no general idea 
of the total consumption of energy for the lighting sector. That is why it is more 
difficult for the calculations to be performed. Even though, the potential savings can 
be estimated on the basis of reference data.  
So, an estimation of 70% or so of the lighting is currently equipped with obsolete, 
common magnetic ballasts. As already explained, such magnetic ballasts are 
responsible for energy losses (around 20%). 
The ballast losses can be easily reduced by using energy-efficient light fitting with 
electronic ballasts. 
There is no overview of the number of lighting fittings or the energy consumption of 
the lighting installation. But, based on data from previous studies and from what is 
mentioned on the previous chapters it is estimated that in an average hospital lighting 
accounts for some 20% of the total energy consumption. For this hospital the annual 
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electricity consumption due to lighting is 2400 MWh. This value was first verified on 
the basis of the total floor area, by determining the installed power per m²/100lux, 
which confirmed the estimate. The savings potential was then calculated as follows: 
The percentage of conventional fluorescent lighting fittings with common ballasts is 
around 70%. It was further assumed that 90% of the total lighting consists of 
fluorescent tubes. The majority of the fittings have white enameled reflectors. 
 
The amount of annual saving is 462 MWh/y which means 37000 €/y. It is easily 
understandable that there is a lot of energy and money saving from lighting, even the 
prices are assumed and not accurate calculated. Furthermore, the existing light fittings 
are replaced by new ones, so the payback period is between 6-9 years. 
(http://www.leonardo-energy.org/), (www.greenhospitlas.net) 
 
3.4.5 Cogeneration 
 
 Cogeneration is the combination of the generation of electricity and heat. The benefit 
of cogeneration is that it enables the heat released by electricity generation to be used. 
The most famous form of cogeneration is an electricity generator powered by an 
internal combustion engine, with the heat released by the engine being used to 
produce steam or hot water. An important factor for the economic potential is that 
good use has to be made not only of the electricity but also of the heat. This means 
that there has to be a continuous demand for heat as well as electricity. 
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Due to their specific heat and electricity consumption, hospitals are particularly 
appropriate for cogeneration. A characteristic of hospitals is that there is a constant 
demand for heat during the whole year. This constant demand of heat has a 
constructive effect on the number of hours at which the cogeneration unit can operate 
at full load. Below they are presented some examples of the heat and electricity 
demand profiles of a hospital. 
 
Figure 13: a) Annual profile of heat demand, b) Annual profile for electricity demand 
 
Actually a cogeneration unit is regularly combined with an absorption cooling 
machine in order to raise the number of hours at full load in the summer. Moreover, it 
is important to make use of the absorption cooling machine in the correct way, as 
shown in the calculation examples below. 
Furthermore it acts as a backup power supply, thus contributing at least part of the 
necessary continuity of operation in case of a grid power failure; a cogeneration unit 
can take over part of the work of an emergency generator. 
When installing a cogeneration unit there a number of important factors those have to 
be taken into consideration. These are illustrated in the following calculation 
examples. 
(http://www.leonardo-energy.org/) 
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Calculation example for a cogeneration installation 
In this example below a number of practical considerations are studied in details. The 
costs of the energy generated by the cogenerated unit are noticing first. 
 
From the above data there is clearly no point in depending on the cogenerated unit 
only for electricity or only for thermal energy. There are more calculations which are 
presented below, but always depending on the data above. 
The differences between peak and off-peak prices for electricity have a strong 
influence on the cost savings that can be achieved with cogeneration. For the sake of 
example we will assume that 100 MWh of electricity is produced during the day and 
that good use can be made of the heat. 
So during the day we have: 
 
 
In this case 100 MWhe and 150 MWhth cost 8570€. If this quantity of energy has been 
purchased from outside during the day the cost would have been as follows. 
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If the same quantity had been purchased from outside during the night the calculation 
is as follows: 
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So if the demand is low, we came into the conclusion that the absorption cooling 
machine can usefully supplement the cogeneration during the day. 
The same situation during the night: 
 
Finally, we are getting into a conclusion that there is no need for the cogeneration to 
produce extra heat at night for the absorption cooling machine. Since, there are low 
prices of electricity for off-peak hours, which is why it is better for the cold to be 
produced by the compression cooling machines. That is why the cogeneration must 
only produce the heat that can usefully be used during the night time and of course it 
would be controlled according with the heat demand from the hospital. 
(http://www.leonardo-energy.org/) 
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3.5 GREEN@Hospital: A Greek interest program 
 
In the European energy saving program GREEN@Hospital, four European Hospitals 
are involved from March of 2012. It is a leading program with high Greek interest due 
to the participation of the General Hospital of Chania in Crete. 
According to a publication's under the program, an intelligent and innovative system 
monitors the energy consumption of each hospital in 24 hours and makes actions 
optimization. 
Specifically, the system power management GREEN@Hospital monitors the energy 
demand of each hospital and automatically controls optimally equipment affecting 
energy consumption and comfort conditions. 
However, users and technicians can independently regulate the lighting levels, the 
desired temperature and levels of ventilation in each room or area of the hospital for 
security reasons. 
Information Technology and Telecommunications will be used to optimize other 
charges of the hospital such as data centers. 
In GREEN@Hospital 11 partners are involved from 4 European countries. From 
Greece the Technical University of Crete participates and specifically the Dept. 
Environmental Engineering and the Department of Electronic & Mechanical 
Computer Engineering. 
 
The program has 11 participants which are the following: 
1. Schneider Electric Italy Spa (Italy) 
2. IF Technology B.V. (Netherlands) 
3. Fundacio Insititut de Recerca de L’Energia de Cataluña (Spain) 
4. Engineering Faculty of Crete (Greece) 
5. AEA-Loccioni Group (Italy) 
6. Agefred Servicio, S.A. (Spain) 
7. Deerns Raadgevende Ingenieurs B.V. (Netherlands) 
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The hospitals which are the pilot applications: 
8. Hospital of Ancona (Italy) 
9. Hospital Virgen de las Nieves in Granada (Spain) 
10. General Hospital (Chania, Crete, Greece) 
11. Hospital De Mollet in Barcelona (Spain) 
The energy saving and reduction of CO2 emissions is a primary objective at European 
level. The fact that hospitals rank among the buildings with the highest energy 
consumption in most European countries, makes it imperative to find specialized and 
effective interventions for energy savings in these buildings. 
Basis of relevant studies have found that in hospitals there is potential for energy 
savings in the range of 15-20% through interventions in the way it manages the 
consumed energy in them, maintaining the desired levels of comfort and hygiene. 
The GREEN@Hospital is an important initiative in this direction, using the most 
advanced scientific methods combined with appropriate engineering applications 
level. 
To achieve the target of energy saving, real time consumptions are recorded e.g. for 
heating, ventilation, lighting in various application areas and other parameters such as 
temperature, humidity, indoor air quality, etc. For at least one year and then apply 
measures that are evaluated and optimized efficiency. 
Although, innovation GREEN@Hospital is that for the transfer of data , which are  
exploited to optimize the energy management of the hospital, made use of the Internet 
or local networks (LAN) that exists in most hospitals. This fact, in combination with 
the drop, in the framework of the project, the architecture of energy management 
system has resulted in both that there is no need to re-install communications network 
in hospitals and on the other hand, is achieved expand or update of the system easily 
and economically viable . 
Based on the above, and through close cooperation of the leading research institutes 
and companies develops expertise that will form the basis for the implementation of 
similar interventions savings for hospitals in large scale. 
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The project Green@Hospital converts infrastructure of hospitals by intensive in 
energy efficient. 
The expected result is a 15% reduction in energy consumption: 
i. heating and cooling 
ii. lighting 
iii. ventilation 
iv. data center 
The final product of the project is an online Energy Management System and Control 
(Web-Energy Management Control System) that integrates intelligent algorithms for 
energy savings and improved interior quality environment. 
Furthermore incorporates Services Energy Conservation to support the maintaining 
optimum energy efficiency.  (http://www.greenhospital-project.eu/) 
 
 
Figure 14: General Hospital of Chania 
 
The final product after it will be piloted in four hospitals, it can be extended. 
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3.6 Examples of best and good savings practices of 
Energy in European Hospitals 
 
Energy Efficiency Hospitals  
Complex hospital buildings Pinderfields Hospital NHS Trust, UK 
Over the past two decades, the Department of Health in England has given a special 
importance on energy saving in hospitals of the National Health System (NHS). As 
part of this policy, in 1985 came as a major target in the next five years to achieve 
15% energy savings in all buildings of NHS. 
 
Figure 15: Pinderfields Hospital NHS Trust 
In the complex of hospital buildings Pinderfields Hospital NHS Trust, by taking   
appropriate measures had already achieved reducing energy consumption by 32% 
while on the occasion of the above decision, it took extra measures have led to further 
reduction of 5%. Overall, the energy savings achieved within 7 years was 37%.  
This result was achieved mainly thanks to the winning combination making technical 
measures, awareness and participation of staff in their implementation and program 
monitoring and goal setting applied (Monitoring and targeting). Particular emphasis 
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was given to the participation of staff hospital in the implementation of the measures, 
as it has proved successful energy saving measures in a building depends on the 
behavior users of the building. More generally, realizing the savings potential energy 
emanating from everyday human habits is important and not be overlooked. 
Then presented the technical measures applied to complex Hospital Pinderfields 
Hospital NHS Trust, which enabled it to achieve significant savings measured. 
 Installation of CHP in the hospital settled two systems cogeneration and heat 
from natural gas total power 645kWe, configured as main boilers to maximize 
the operating time, while the heat used for preheating water. 
 Application of the monitoring methodology and goal setting this methodology 
consists of calculating profits both from the implementation of technical 
measures and the behavior of officials of hospitals. The this feedback enables 
corrective measures while makes it possible to determine the economic benefit 
of using new technologies , giving thereby incentives for new investments. 
Estimated from the application of this system achieved energy savings of 3%. 
 Install energy management system of the building. With the installation of this 
system, it was possible central regulation of heating, air conditioning and 
ventilation systems. In parallel, a connection with a weather station which 
provides the system with a continuous flow of information relating to the 
external temperature, speed and direction of wind and intensity of solar 
radiation. Then, based on these data the system energy management modifies 
the appropriate settings in different parts of buildings in order to maximize the 
thermal benefits of the sun and limited to what is absolutely necessary that the 
need for additional heating and cooling, while reduction is achieved and the 
operation of the ventilation system in the overnight. 
 Active participation of the officials and medics. Although the technology and 
the application of technical energy saving measures in a building can often 
lead to impressive results, it has been shown that in order to increase the 
probability of success of the measures and to make the maximum, both the 
investment made and the savings potential that exists, requires the active 
participation of a sufficient number of employees of the hospital. They are 
required to implement measures that require adjustment behavior so that it is 
more correct energy efficient.  
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 Replace bulbs with energy efficient. The lamps used in hospital are mostly 
double Fluorescent 38mm diameter and were replaced by more efficient ones 
filament diameter 26mm. 
 Review the limits desired brightness in hospital premises. The lamp 
replacement is one of the measures applied widely for reducing energy 
consumption in buildings. However, the hospital at this newcomers double 
filament, consisting of two twin lamps, integrated devices that allow pressing 
the switch to light up one only lamp and only if the switch is pressed a second 
time to light up and the second. Following the implementation of this system, 
it was found that in most hospital premises the need for light was covered only 
by a lamp, which significantly reduced power consumption for lighting. 
 Improved insulation. In order to reduce heat loss and increase energy 
efficiency the buildings were in hospital interventions improves insulation. 
These focused on insulated ceilings, doors and windows, as well as pipes used 
for circulation of hot water. 
 Replacement of the Pumps. At the hospital there were pumps of 30kW power 
which were used both in the winter and during the summer for the circulation 
of hot Low water pressure in the heating circuit. In summer, however, the 
needs for heating was very limited, while for the needs of winter, the pumps 
were oversized, which lead to wasted energy. Accordingly, decided to replace 
the pump with two new, powers of 15kW to 5kW for the use in winter and in 
summer respectively. The alternation in the operation of the pumps is adjusted 
of the energy management system installed in a building with criterion 
temperature. Switching between the pump is made for outdoor temperature 
21
o
C. With the implementation of this measure was payback in just 1 year. 
 Installation of automatic control of combustion conditions and quality of 
steam. In an effort to save energy and improve surveillance and operation of 
hospital facilities, it was decided to install a quality control system of 
combustion in the heating system of the hospital. Thereby achieve the 
optimization of system operation and better utilization of the fuel, as well as 
timely corrected any abnormalities presented and limited the losses have an 
impact on the performance of burner. 
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These measures were practical and the simple application, which resulted be easy to 
apply and identical in other buildings and the band an example in the field of energy 
efficiency in hospitals. 
(http://www.dh.gov.uk/en/index.htm) 
 
Marien-Hospital, Witten, Germany 
The hospital Marien in Witten, Germany is a modern clinic, which has approximately 
350 beds and annually receives approximately 13,500 patients. At the hospital there 
are many sections as surgical, cardiac, pediatric, gynecological, chest diseases etc. 
  
Figure 16: Marien-Hospital, Witten, Germany 
 
The hospital administration having recognized the significant environmental effects 
deriving from the daily activities of the hospital, such as using large amounts of 
energy and water and the generation of hazardous waste has established an 
environmental policy based on the following pillars: 
 Identify environmental impacts and measures to their minimization. 
 Compliance with environmental protection regulations. 
 Staff briefings and awareness on environmental issues. 
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 Minimizing the cost function in the context of conservation of natural 
resources. 
The aim is that the hospital is a good example for both patients and for the other 
hospitals. 
At the hospital operates system environmental management and has been certified 
with EMAS (Eco-Management and Audit Scheme). In the frames of Regulation of 
EMAS, the hospital has establish an environmental program in which include the 
objectives and the means enabling these. Order for recording of environmental 
parameters, operates a data recorder system (input and output) which shall include 
details for the consumption energy, water, waste production etc. 
The use energy in facilities of the hospital can be separated in 2 sectors: 
 Consumption electricity electric energy for lighting air conditioning and 
operation of equipment hospitals 
 Consumption gas for heat production and steam 
 
Table 8: Evolution of energy consumption in hospital Marien (Gas: Gas, Strom: Electricity) 
 
The total energy consumption for heating for 2001 is at 8,277,153KWh. The 
reduction of this consumption per bed per day in hospital for several years is shown in 
the following table. 
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  1999 2000 2001 Units 
Energy Consumption/ Bed 22857,52 21620,78 23185,3 kWh/Bed 
Energy Consumption/ day of care 73,76 72,11 77,05 
kWh/day of 
care 
 
Table 9: Power consumption data for heating (hospital days) 
The increase is not unambiguous interpretation as consumption depends directly on 
the number of people admitted to hospital and the time spent on it. However, 
according to official data of the Ministry of Federal Environment, the average energy 
consumption of hospital bed per year for 2001 is at 26.000KWh. Therefore, the 
hospital has reduced consumption by 11 % compared to the average of other German 
hospitals.  
 This reduction occurred with the introduction of measures such as: 
 Installation of condensing boiler 
 Window Replacement 
 Insulate roof 
 Incorporation thermostats to radiators 
As part of the environmental program of the hospital arises every year target for 
reduction of consumption for heating. For example, in 2001 decided to discontinue 
the central steam plant, which had significant contribution to the gas consumption for 
heating. The equipment using steam began now operate electricity, which certainly 
led to an increase in electricity consumption. The result is the total energy 
consumption remains almost constant; it is possible that there will be an increasing 
from year to year.  
In order to achieve a reduction in power consumption were implemented following: 
 Replacement of lighting and installation of special switches for lighting in the 
corridors of the building: energy savings amounting to 75 %. 
 Install motion sensor outdoors. 
 Equipment heating system pumps adjustable volume (volume steered pumps): 
energy savings of approximately 40 %. 
 Add adjustable fan speed for import and export the air conditioning system: 
energy savings of approximately 20%. 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 86 
 
 Replacement of the disinfection system of layers of bed patients (which was 
particularly intensive) with hand washing layers (down 50KW of installed 
capacity). 
However, the power consumption depends on many factors. For example, the use of 
modern medical devices having higher requirements energy may increase the power 
consumption, but on the other significant contributions to improving the quality of 
hospital services for patients. The hospital implements actions alone resulted in 
reduction consumption, but on the other activities such as those above may lead to 
increased use of electricity. 
The next goal of the hospital is to reduce consumption and under include the 
following measures: 
 Installation of energy efficient heating system Floor. 
 Use additional insulation measures beyond those set out in legislation. 
 Installation of air conditioning system with heat recovery capability. 
 Installation throughout the building energy- efficient light bulbs and system 
electronic monitoring of the lighting system. 
(http://www.marien-hospital-witten.de) 
 
Hospital Knappschaft, Germany  
The hospital Knappschaft in Recklinghausen in Germany has a capacity 455 beds and 
has approximately 1,000 employees. The hospital admits about 17,000 patients 
annually and 40,000 emergency incidents. Among other features medical, 
neurological, gynecological, surgical and dermatological ward providing a wide range 
of services to the residents of the city. The hospital has been certified with the 
European Eco-Management and EMAS control and has established specific 
environmental program setting quantified targets to reduce electricity consumption.  
The renovation took place in the building included the use of lightweight construction 
materials, which led to a period of 3 years at an 8% reduction in electricity 
consumption power and 5% for district needs. Furthermore, within six years it was 
decreased by 50% by the use of gas for the needs of the hospital. 
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Figure 17: Hospital Knappschaft, Germany  
 
To reduce the energy consumption was a major renovation of the whole building 
where thermally insulated by 60 % of the surface of the roof. Furthermore, the central 
air conditioning system equipped with a heat recovery system. The Heat is now used 
for preheating the water to cover the patient needs. Additional measures have been 
implemented at the hospital on to use energy-efficient light bulbs and replacing 
batteries electric accumulators. All computer screens but also medical equipment 
replaced with screens that meet criteria for energy efficiency. Also replaced the white 
appliances in the kitchen with new high energy efficiency and were shutdown two 
cooling warehouses. 
The following tables show the total energy consumption of hospital over the years and 
the consumption per day spent at hospital. Apparently, the measures taken, the total 
consumption power (Strom) decreased by 11 % over 2 years, while the corresponding 
reduction per day of is at 2%. 
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Energy Units       
          
Year   2002 2003 2004 
Electricity kWh 7.411.984 7.380.216 6.533.742 
District Heating kWh 7.075.500 6.829.800 6.303.400 
Gas kWh 2.188.561 2.069.803 1.791.882 
Total Energy kWh 16.676.045 16.279.819 14.629.024 
Diesel Fuel Liters 8.421,00 0 0 
 
Table 10: Total energy consumption (Strom: Electricity, Fernwarme: District Heating) 
Energy & water/ occupancy days Units       
          
Year   2002 2003 2004 
Occupancy Days BT 145.507,00 141,45 141.888,00 
Electricity kWh/BT 50,94 52,18 46,05 
District Heating kWh/BT 50,72 48,28 44,43 
Gas kWh/BT 15,04 14,63 12,63 
Total Energy Consumption / occupancy 
day kWh/BT 116,70 115,09 103,10 
Water  m3/BT 0,31 0,36 0,35 
 
Table 11: Energy consumption per day of hospital stay 
 
In the next draft of the hospital, according to the environmental statement for the New 
Year included the following steps: 
 Heating insulation for the remaining 40 % of the surfaces of terraces. 
 Insulation of lightweight construction materials which are used most widely in 
the building. 
 Further education of building users. 
 Avoiding the use of the P.C. and medical equipment in Stand-by (incitement 
to shut down the machines in terms of users). 
 Inclusion criteria for energy efficiency when buying electrical and electronic 
equipment. 
 Establishment of a system for monitoring electricity consumption of Building. 
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 Maintenance, insulation and improving the functioning of the three storage 
space cooling. 
 
The St. Dympna Hospital, Ireland 
The St.Dympna psychiatric hospital is 115 beds and is located in Carlow Ireland. In 
June 2002 the hospital became an energy study to find solutions to address three 
issues related to energy. 
 The cost of electricity purchased the hospital from the network increased in 
2002 by 13 % resulting in significant increase of operational cost. 
 The need to increase energy efficiency for heat production, as the hospital has 
a greatly increased heating needs. 
 The risk of further increasing the operating costs of the hospital future 
imposition of a carbon tax in European policy limitation of emissions of CO2, 
as the hospital had a strong dependence of fossil fuels. 
Based on this energy study performed, the hospital proceeded to replacing 
conventional burner’s gas cogeneration system heat and electricity with natural gas. 
 
Figure 18: The cogeneration facility of St. Dympna hospital 
With the installation of this system, the total yield increased by approximately 150%, 
from 35% to 88%. 
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Figure 19: Schematic representation system CHP 
 
The monitoring of the installation is done by an automatic control (Power Module 
Controller) which is controlled remotely by telematic. With better utilization of fossil 
fuels and by using natural gas as fuel can achieve a significant increase in plant 
performance heating and reducing CO2 emissions and oxides of sulfur and nitrogen . 
Especially in the case of Ireland, it has been estimated that a cogeneration system heat 
and power can reduce CO2 emissions by 75 % per produced kWh of electricity. After 
completing the installation and startup of the system CHP in the hospital, it was 
estimated that annually emitted into atmosphere about 400 tones less CO2 compared 
to the previous state. 
Finally, as regards the economic data, the payback was about 2 years, and considered 
the hospital to get further steps and to proceed with the implementation of new energy 
investments, using as capital gains from the energy savings achieved. 
(http://www.sei.ie/index.asp) 
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Hervey Bay Hospital, Queensland, Australia 
The government of the state of Queensland has launched an ambitious program to 
reduce its health system’s climate footprint, and Queensland Health introduced energy 
efficiency measures at its health-care facilities. One facility, Hervey Bay Hospital, 
with 104 beds, reduced its energy consumption by 20% between 2005 and 2007 – an 
annual carbon reduction equivalent to taking 600 cars off the road, according to 
Patrick McGuire, the head of Queensland Health’s Eco-Efficiency Unit. The hospital 
made the cuts by improving its lighting and air conditioning system, and by upgrading 
its computerized building management system which monitors and controls building 
functions, including air conditioning, medical gases, water heating and steam produc-
tion. The hospital has stepped up water conservation efforts by installing flow 
restriction devices and by recycling water for air conditioning and irrigation. 
(Press release, Patrick McGuire, Energy Efficiency Manager, Queensland Health, Australia, and e-
mail correspondence with McGuire, Brisbane, March, 2009) 
 
Implementation of energy saving measures in Green 
hospitals (Case Studies) 
Bolinbroke Hospital, Wandsworth, United Kingdom 
The hospital until 1970 had burner with coal and then consumed oil. In 1987 he 
became substitute fuels with natural gas and installed condensing gas boilers with 
simultaneous production of hot water, which covers most of the demand. At the same 
time, system of energy management has operated at 
the building. 
 
According to the hospital administration, the benefits 
of replacing the heating system are manifold. Energy 
savings achieved was about 15 %, the cost of the new 
system are 36% lower than old whilst, there has been significant improvement in 
thermal comfort patients. The energy management system of the building ensures 
proper plant operation and the adjustment of the heating system in climatic 
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conditions, which is faster than before. Finally, to note that the depreciation gas 
boilers condensation was performed in two short years. 
(http://www.dh.gov.uk/en/index.htm) 
 
Hospital of Nordfriesland, Germany 
The hospital was built in 1975, located near the North Sea, has sections mainly 
psychiatry and environmental medicine and is 120 -bed capacity. At the hospital made 
a series of investments in energy saving measures in the European program 
"Hospitals" nu -financed by the 5
th
 Framework Program of the European Commission, 
aiming to demonstrate the high energy saving potential building level in the field of 
Health Care European Union. 
The changes made in the hospital are described below: 
 Construction of double skin facade. 
 This system is for integration into the building envelope double facades with 
openings at upper and lower end, so as to form a passage for air. In this way, it is 
possible to cool the space as the air which passes from the diode extracts heat from 
the building. Thanks to this method the natural cooling, reduce the need for cooling 
during the summer months, with significant savings for the building. 
 Integrating photovoltaic on the roof 
By adding modules, the hospital covers part of the electrical needs of the product 
stream and thereby reduces the market power from the grid. Also help support 
renewable energy and diffusion of clean technologies power generation not related to 
fossil fuels and do not contribute to the greenhouse effect. 
  Transparent  Insulation 
This technology involves incorporating the facade of the building is oriented towards 
the sun a transparent system with a slatted to interior. The louvers have such 
inclination so in winter, when the position of the sun is low, would permit the passage 
of rays through the material until wall of the building so that it uses solar energy for 
heating. Instead, the summer when the sun is higher in the horizon, the radiation is 
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reflected and prevents contact with the wall of the building. The operation of this 
system shown in the following figure: 
 
Figure 20: The "transparent" insulation allows the heating of the building in winter but not in summer 
 
 Improved insulation 
 Replace conventional light bulbs with low consumption 
 System of CHP 
Overall, the annual energy needs for heating is expected to be reduced by 56 %, 
mainly due to improved insulation and the application of transparent insulation. 
The annual electricity demand is expected to decrease by 57 %, mainly due to 
integration of the double facade, the use of sunlight and the replacement of bulbs. 
On the economic side, the investment should be recovered in about 13 years, without 
regard to the financing of the European Union, which reduces this amount of time at 
about 9 years. 
Finally, on greenhouse gases in the atmosphere is expected to reduce CO2, SOx, and 
NOx by 262, 0.23 and 0.002 tons per year respectively, giving an overall reduce 
emissions from the activity of the hospital by about 46%. 
 
Meyer Children’s Hospital, Florence, Italy  
 This 150-bed children’s hospital was designed to create a healing environment for 
patients and landscape alike. The hospital is airy and bright with high ceilings and lots 
of open space, which creates a serene, peaceful setting for young patients and their 
families. The facility was built into a sloping hill so it causes less disruption to the 
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surrounding environment. It features a greenhouse, landscaped roofs, skylights, open 
“buffer” space, and an energy-efficient hybrid ventilation system. To monitor and 
conserve energy, the hospital design also includes a “building energy management 
system” and light tubes that create natural light throughout the building. The hospital 
consumes 35% less energy for heating and cooling, and 36% less electricity than a 
standard newly-built Italian hospital. 
(http://www.noharm.org/europe/), (Guenther, R.,Vittori, G., Sustainable healthcare architecture, p. 
316) 
Changi General Hospital, Simei, Singapore  
At Changi General Hospital, the lobby features koi ponds, palm trees and orchid 
murals. There is a hydroponic garden on the hospital roof, which grows produce for 
the hospital kitchen while cooling the building. Other environmental initiatives 
include sun-shading devices, use of natural light, automatic doors to maximize 
cooling efficiency, energy-efficient ceiling fans, motion sensor lighting, and low-flow 
water fixtures. The resulting reduction in energy and water costs saves 800,000 US $ 
a year. 
(Changi General Hospital wins energy Efficient Building Award, CGH Newsletter: Caring Issue 73, 
June 2002) 
Alternative Energy Generation Hospitals 
York Hospital, York, Maine, USA 
Almost a decade ago, York Hospital officials took steps to slash the facility’s fossil 
fuel consumption by buying renewable energy from the state of Maine. Since then, 
90% of the hospital’s energy purchases have come from alternative energy sources, 
including wind power, hydro power and biofuels from wood-fired boilers. As a result, 
the hospital reduced its carbon emissions by 24% between 2000 and 2006, a decline 
of about 300 tons a year despite an overall increase in energy utilization. Hospital 
officials estimate that the shift to alternative energy fuel sources has saved the 
hospital over 100,000 US $ a year. (www. seacoastonline.com) 
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Pilgrim Hospital, Lincolnshire, Northern Ireland, UK 
 Pilgrim Hospital aims to cut its CO2 emissions by 50% by installing a biomass boiler 
which is planned to start operation this year. The boiler will run on locally harvested 
and renewable woodchips. Heat from the boiler will be supplemented by a CHP plant 
which will generate electricity for hospital operations, including additional heat. 
(Saving carbon, improving health. National Health Service, p.42) 
 
3.7 Energy efficiency measures in hospitals 
 
Interventions for energy saving in a building can be in the cover or electromechanical 
installations. The measures which are taken into consideration are divided into 
categories according to the sector of energy consumption of the building to which it 
refers (e.g. housing, heating, lighting etc) and secondly, depending on the amount of 
investment required for their implementation. On the amount of investment, measures 
were divided into three categories. 
I. Simple measures that do not require special funding or capital investment. 
These measures applied on a regular basis and are part of the normal operation 
and maintenance of the building and often relate to the change the behavior of 
building users. 
II. Low-cost measures, these involve single interventions that can be financed of 
the existing building administrator. The cost of operations often repaid within 
the same fiscal year and usually less than two years. 
III. Reconstruction actions, these involve single interventions of capital intensive 
because of the important initial cost for implementation and intermediate or 
long period repayment. Such interventions often require special techno-
economic evaluation study to test their viability. 
The following chapters are briefly listed the most common and most appropriate 
potential energy savings for each building energy system. The detailed analysis of 
these interventions is that it is subject to other special manuals dealing with the 
specific energy systems. 
(http://ec.europa.eu/index_en.htm) 
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3.7.1 Building Covering 
Simple measures 
 Control of the use of the equipment reset openings (windows and doors) 
between sites located in different thermal conditions. 
 Rational operation of existing provisions shading over time and orientation of 
the exposed in sunlight opening. 
 Check and repair cracks frame openings, cracks masonry damaged opening 
mechanism, damaged data and thermal sealants. 
 Close diode heat flow in wells and stairwells, regular use of openings, 
especially during the night, to enhance the natural ventilation- cooling in warm 
periods of the year. 
Low-cost Measures 
 Sealing of the joints of frames with special insulating films of airproofing for 
the openings. 
 Remove unnecessary exposures with simultaneous thermal protection of the 
surface covering to prevent unnecessary heat loss and heat glare. 
 Cover the useless doors with simultaneous thermal protection of the surfaces 
that they cover. 
 Replace cracked or broken glass with new potential double 
 Use of tinted and reflective film or local rules of internal shading (blinds, 
curtains) to exposures with unwanted high summer solar gain. 
 Implement automatic reset ports 
 Replacing hollow metal doors with significant thermal bridges with other new 
design of materials with special protection and less thermal transmittance. 
 Add insulating layer in parts of the exterior walls which are placed behind 
heaters from the central heating. 
Reconstruction Actions 
 Thermal insulation of exterior walls, roof, floors, flats. 
 Insulation of thermal bridges (columns, beams, walls, etc.) 
 Replace existing exposures (frames, glasses), with new improved thermal and 
optical properties 
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 Reduce the volume of heated-conditioned rooms with excessive height 
(membership suspended ceilings) 
 Apply external fixed or movable shading devices (tents, shutters, vertical or 
horizontal blind, etc.) 
 Add passive solar heating and lighting (walls mass Trombe, thermosyphon 
panels, solar compartments-greenhouses, shelves openings for natural lighting, 
natural light conductors, etc.) 
3.7.2 Combined Boiler-Burner 
Simple Measures 
 Regular maintenance of the burner. Adjustment of the combustion air and the 
dispersion and turbulence of the fuel to ensure a high efficiency of 
combustion. 
 Scouring transaction heat boiler deposits–combustible to port of the outbreak. 
 Check and repair rushes exhaust and combustion air 
 Reduce the flow temperature of the hot water in the network depending on 
reduction of the heating load (reduction threshold hydrostat) to the limits 
maintaining the thermal comfort and safety of the boiler from possible 
erosions. 
 Ensure appropriate system pressure to prevent boiling water or air inlet to the 
grid (thermal losses due to high pressure vents or inefficient body function due 
to low pressure). 
 Reduction number, more than one, depending operated boilers reduce the 
heating load (manual control, hydraulic isolation). 
 Recalibrate measuring and control equipment. 
 Minimize load fluctuations (review automated opening hours boiler - burner). 
Low-cost Measures 
 Repair or upgrade insulation of the surfaces of the boiler 
 Installation of vane flame on the hob (optimal mixing combustion air to the 
fuel Dissipative). 
 Installation baffles in the chimney to reduce thermal loss of traction in the 
interstices closing complex 
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 Replacing of fuel injectors with smaller or a whole replacement of the burner 
with similarly generous power system. 
 Install permanent measuring system for monitoring parameters of combustion 
(flue gas analysis, fuel metering, electric measurement). 
Reconstruction Actions 
 Replacing old boilers with new multi-stage, dual fuel (oil-gas) whenever 
possible. 
 Replacing old boilers with new high efficiency and low exhaust gas outlet 
temperature. 
 Install separate boiler cover needs of hot water production, used in buildings 
with these needs by burning oil. 
 Install a heat recovery heat from the hot exhaust gas, boilers high temperature 
flue outlet. 
 Install an automatic optimization of combustion for maintaining the right 
combustion of air ratio in relation to the load. 
 Installation periodic firing of several boilers (sequence firing control) by 
adjusting the hydrostat according to one particular load. 
 Installation of station of combined heat and power or joining district heating 
network, to replace the existing group for meet the space heating or water use 
(in conjunction with other energy systems e.g. electricity supply). 
 
3.7.3 Cooling Air Conditioning 
Simple Measures 
 Regular ordinary maintenance group. Cleaning and repair filling the cooling 
tower, the surfaces of heat exchangers, the air louvers etc. Restoration leak 
coolant. 
 Increase the temperature limit of the cooling water in the cooler and pressure 
suction gas refrigerant (in blocks directly relief), by ensuring adequate values 
for the comfort in rooms cooling and dehumidifying the air. 
 Reduce the temperature limit of condensation in the condenser and condensing 
pressure (in blocks direct expansion) through a) Increase the supply air fan in 
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the air-cooled condenser or cooling tower water cooled assembly , b) increase 
the water supply cooling tower, c) altering the configuration of control devices 
for more continuous operation of the cooler-condenser and d) the movement 
of condenser closest to the point of the compressor (reduce energy needs for 
pumping). 
 Closure auxiliary equipment, assemblies’ intermittent operation at times when 
is not required (pumps water cooler and condenser, heating elements, etc.) 
 Cycle mode in multiple group in relation to the change cooling loads. 
 Inspection and maintenance provisions defrost and expansion valve pumps 
heat. 
Low-cost Measures 
 Cleaning the condensers tube in water cooled units. 
 Rearrange hydraulic connection (parallel or serial) parts complexes together 
(chillers, compressors, evaporators/condensers) to balance the gains power 
consumption compressor with energy costs for pumping, central systems with 
multiple units. 
Reconstruction Actions 
 Installation of heat exchangers in the cooling water circuit of condenser or hot 
coolant line for heat recovery. 
 Atmospheric cooling water conditioning (only the outer cold air) through 
external heat or internal parts in the central air conditioner air unit in buildings 
with winter conditioning requirements in areas very cold winters. 
 Centralized automatic optimization of the overall function of the complex 
 Use of natural sources of water cycle condensation (rivers and lakes) 
 Use of desiccant quartz (silica gel) to reduce humidity of the air streams. This 
implies latency cooling load and hence increasing the required temperature 
means of handling this load. 
 Installation of short-term or cold storage water or ice holding nightly electrical 
tariffs with reduced charging (cooling storage). 
 Production of cooled water coolers absorbent cycle using recovered heat, gas 
or renewable energy (solar, biomass) 
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 Embed efficient control devices to improve output from the complex cooling 
power mode on some loads (variable speed control, discharge cylinder angle 
control valve operation control pumps and fans). 
 Replacing an auxiliary energy source (e.g. oil in boiler electrical resistance), in 
systems with heat pumps and other system, economical or efficient source and 
simultaneously modification a) of the operating procedures of pumps to meet 
these base load and b) control system booster – paused auxiliary system. 
 
3.7.4 Distribution Networks of Fluid Conditioning 
Simple Measures 
a) Systems that control environmental conditions of air conditioned spaces 
 Maintaining adequate settings for all thermostats and hygrostat space. 
 Adjust temperature controllers for energy saving during periods of non- 
occupancy main spaces and at uninhabited spaces. 
 Pause ventilation and dehumidification equipment in times of non- habitation 
spaces. 
 Close dampers. 
 Adjustment straps ventilation fans 
b) Pipe network 
 Inspection and maintenance to prevent air entering the network and leaking 
pipes, tanks, valves and pumps. 
 Pause circulators when is not required to run them. 
 Cleaning and replacing filters. 
c) Ducts network 
 Cleaning fins of large centrifugal fan. 
 Engine maintenance parts (synchronization engine load with the transmission, 
adjustment and replacement of drive belts). 
 Cleaning and replacing air filters 
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Low-cost Measures 
a) Ducts network 
 Preheating or pre-cooling without introducing fresh air with additional thermal 
load on systems with economizers or separate ventilation system.  
 Change of providing ventilation in buildings with strongly changing profile 
inhabited by adjusting the baffles, throttling supply fan, control of speed 
engine, a mechanical speed control, integration blade fan with variable pitch 
etc. 
 Replacement of joints, mechanism or set of baffles air (mixing dampers) to 
prevent air leaks 
 Install thermostatic valves on radiators 
 Installation of Economizer cycle facility in central air units with distribution 
capacity of 100 % fresh air 
 Installation accurate thermostats space 
 Removal or repositioning after the mixing box, the item of pre heating air 
handling unit at upgrade system to handle larger amounts of return air . 
b) Pipe network 
 Hydraulic balancing network via adjustment or replacement valves at main 
collectors and industries and the adjustment of valve bodies and also the 
automatic installation throttle supply control. 
 Repair or upgrade insulation of pipes and tanks 
 Reduction of the providing in case of oversized systems, offloads and 
increased temperature difference between the supply and return lines 
(throttling flow, automatic valves, speed reduction or replacement pump). 
c) Systems that control environmental conditions of air conditioned spaces 
 Equalization network to achieve the proper delivery of the conservatory 
spaces. 
 Reduction of benefits in case of oversized systems, offloads and increased 
temperature difference between the supply and return lines (throttling airflow 
adjustment new rollers in fan motors, speed reduction or circular fan). 
 Reduce pressure drops in installations with operating pressures over 200 Pa, 
by the removal of dirty and blocked filters damaged by sediment pieces, flaps 
data, the opening in the direction of flow, the installation of valves turn in 
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difficult bends, expansion of narrow passages and replacement of large 
flexible sections with constant. 
 Repair leaks air. 
 Power reduction fan motor generous systems (install smaller). 
 Repair or upgrade insulation airway. 
 Install baffles to prevent export environment beneficial in thermal power 
airstream during non operation of fan. 
Reconstruction Actions 
a) Systems that control environmental conditions of air conditioned spaces 
 Convert distribution systems with terminal reheat and double pipe hot-cold air 
(dual duct) in a variable air volume (VAV) - Replacement elements reheat (or 
new addition) with boxes VAV control box conversion dual duct running with 
two engines or disable hot conduit modification of the cold duct. 
 Install fans and ventilations for enhanced movement and mixing air between 
different thermal zones (e.g. between emissions and room ) 
 Installing modern central energy management system (BMS) fully featured 
direct digital control through regional modules for collecting and processing 
data (possibly in conjunction with the operation and other energy systems e.g. 
lighting). 
b) Pipe network  
 Install separate circulators in circuits with significant differences pressure drop 
or in zones with very different requirements. 
 Installing multiple circulators controlled in parallel or with one pump with 
speed control for pumping in stages depending on the load. 
 Removing useless parts of network in previously modified network. 
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3.7.5 Installation of Hot Water Distribution 
Simple Measures 
 Reducing the storage temperature and flow of hot water to limits use of 
adequate cleanliness and safety from bacteria and viruses. 
 Pause circulators in periods where there is no demand. 
 Rational use mixers flow of hot and cold water in hydrants. 
Low-cost Measures 
 Installation reduction gear supply of piping and provisions limiting flow 
mixing with air spouts. 
 Automatic control with shutoff valves or pressure relief flow 
Reconstruction Actions 
 Modification of the size of the storage tank for adjusting the usage needs (if 
oversized systems). 
 Replacement of common hand taps with taps controlled by photocell, infrared 
sensors or mechanical means 
 Use local heaters for warming final distribution of hot water, which implies 
the need of smaller tanks and storage temperatures in the central system 
 Installing metering devices for hot water at the roof of the medical building.  
 Installing Solar Panels 
 Installing a heat pump for heating water in central system, combined with the 
use of the pump for air spaces 
 Decentralization system to reduce distribution losses. 
 
3.7.6 Installation of Steam Distribution  
Simple Measures 
 Check and repair leaks in steam and condensate piping and containers. 
 Maintenance of steam traps. 
 System maintenance of chemical protection. 
Low-cost Measures 
 Repair or upgrade insulation pipe and containers. 
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 Design optimization of the system (pipe lengths, limiting fields).  
Reconstruction Actions 
 Heat recovery from concentrates with exchanger. 
3.7.7 Installing of Artificial Lighting 
Simple Measures 
 Switching off the bulbs in non-residential areas. 
 Coordinated periodic cleaning, inspection and maintenance of lamps and 
luminaries in dead periods (holidays). 
 Cleaning interior wall surfaces and possible paint with brighter colors.. 
 Rearranging space for optimal use of natural light (near openings). 
 Maintain low light levels when the plant is used for safety reasons (night). 
 Remove bulbs from generous light fixtures or replacement of two low-
efficiency lamps with a high efficiency. 
Low-cost Measures 
 Minimize outdoor lighting while using timers. 
 Modify geometric arrangement of luminaries in room. 
 Use local illumination appropriate with the type of activity in the area. 
 Replacing light bulbs of low efficiency (e.g. incandescent) with light bulbs 
with more efficient (e.g. compact electronic fluorescent lamps). 
 Install cover with reflectors on old bare or plastic cover luminaries to optimize 
light distribution at the area. 
 Lighting control with local switches, timers, dimmers and presence sensors. 
Reconstruction Actions 
 Installation of automatic maintaining constant brightness at systems that can 
be classified. 
 Installation of automatic plant control depending on the level of natural light 
using natural light sensors and separate peripheral circuits. 
 Replacing lighting system with new more efficient. 
 Installing modern central energy management system (BMS) fully featured 
direct digital control through regional modules for collecting and processing 
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data (possibly in conjunction with the operation and other energy systems e.g. 
conditioning). 
 
3.7.8 Electric Movement 
Simple Measures 
 Maintenance of the engine.  
 Balancing electrical phases to improve efficiency engines. 
 Synchronization engine and transmission systems of belt drive. 
 Reduce the use of elevators and automatic scales. 
 Use office appliances with energy-saving knob. 
Low-cost Measures 
 Systems of automatic control of electrical loads - Crop secondary loads at 
peak periods affecting the invoice billing of electricity demand. 
 Controller installation factor power electric motors to improve and th 
efficiency at part load. 
Reconstruction Actions 
 Provisions to improve the power quality in current and voltage (special filters 
harmonic distortion). 
 Power Factor Correction power by installing capacitor bank. 
 Control engine speed system. 
 Replace engines with new high performance ones. 
(http://www.dh.gov.uk/en/index.htm), (www.cres.gr) 
 
3.8 Inference 
 
In this report, including a very wide range of savings measures energy that can be 
implemented in hospitals to increase their energy efficiency. As mentioned in the 
introduction, these measures are divided into categories according to the type of 
intervention in the building and the investment required for their implementation. 
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The first category measures included simple measures for the implementation of 
which does not require any investment. Mostly, they are small interventions that can 
be implemented by the maintainers of buildings in course of business monitoring of 
operation of facilities hospitals or to change the behavior of building users with adapt 
to the new hospital policy. The simple measures shall concern mainly on reducing 
losses of heat and power circuits, pipes and generally in the equipping of hospitals 
and therefore, it is of practical measures that can be implemented easily. Application 
enables them to reduce fuel consumption and electricity energy, while it can also 
result in extending the life of electromechanical equipment of hospitals. 
The second category of measures relates to measures whose implementation requires 
small low cost investment. These investments are mainly related in mild low-cost 
interventions in the building that can be made from the building manager. These 
measures may be minor additions or replacements, application of simple automation 
systems, repairs etc. and can lead to more efficient operation of systems and hospital 
facilities, with consequent marked reduce energy consumption. The cost of these 
operations may be repaid in a short time, even within the same management period 
which makes the procedure very efficient. 
The third category of energy saving measures in buildings concerns about significant 
interventions in the shell or electromechanical equipment of the building, and usually 
consist of rebuilding their part shell or new equipment more energy efficient systems 
automation and control for large parts of the premises of hospital. The implementation 
of these measures requires investment medium or high costs designed to significantly 
improve the energy efficiency of building and amortized over longer periods. Some of 
the reconstruction measures are often applied to compensate power, improving power 
quality by filtering the harmonics and installation solar water heaters for hot water. 
However, because of the amount of investment required for the implementation of 
these measures is indicated preparing a techno-economic study. Based on this study, 
which will evaluate the investment and will take into account both, economic factors, 
and the characteristics of the building, also came out conclusions for whether the 
procedure is economically viable. 
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Figure 21: Comparison of Green Buildings and Regenerative building’s effect on the environment   
 
But, is the Green Design enough for the future, and the next generations? The answer 
lies in the graph above (Figure 21), which is the creation of a Regeration Design for 
the hospitals. With the development of technology and the reduction of the cost of the 
“Green” concept, the scope of application in every state will start to change from the 
reduction of negative impact on the environment and becoming the “correction of 
environmental issues”, which were caused until that time, as well as and the creation 
of “positive impact on the environment”. A Green Regeneration Hospital will be able 
to produce more than enough energy that it consumes; it will be helped with the 
utilization of RES which will replace completely the fossil fuels. With advanced 
water treatment system of a medical unit to be able to recycle waste water and provide 
the communities with clean, disease free potable and other use of water and will be 
able to provide the area with clean water. This way the valued and reducing recourses 
will be protected and conserved in a global level and a correction to the environmental 
damage that has been occurred until that time will take place. Certainly, a significant 
technological progress must be made as reduction of the current cost must be 
occurred. That is why it was mentioned above that is for the next generations or it is a 
long term. (www.greenhospitals.net) 
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4 MEDICAL TOURISM 
 
Medical tourism concerns mainly patients that travel aboard for surgeries and other 
miscellaneous invasive treatments. Developed rapidly since the 1990’s, mainly for 
cosmetic surgery. The main source of tourists traveling for medical purposes are the 
developed countries and the leading destination of medical tourism is Asia. 
A temporary movement of people from the part of the residence to another and stay 
there at least 24 hours contribute to the relationship between tourism and the medical 
sciences. 
Historical development, medical tourism came following a long gestation period. The 
earliest forms of tourism had as a goal the improvement of health and the wellness of 
man. The first recorded movements of health tourism dates back 2,000 years and 
more, when the first traveler gathered at the ancient spas and temples of Askleipeios 
God of health. Also during the Roman period the Spa and the Sea Therapy centers 
were very popular for the improvement and restoration of human health. So it was not 
a few who traveled to visit areas with hot springs, at the time. Famous spas of ancient 
times were Edipsos the Baaden Baaden and Spa, from where they got their name and 
Wellness centre & Refreshing. 
With the progress of the medical science and pharmacology, the treatment options 
have changed and largely replaced.  
The evolution of surgical medicine was the main reason for their early patients to 
travel abroad for various interventions that were not made in their country. Also, these 
interventions include the cosmetic surgery, which attracts a large number of patients. 
The "fusion" of tourism with medical science arises from the need of those who are 
traveling for medical reasons, for tourism-related consumption such as transportation, 
accommodation etc. 
Although tourism concept refers more leisure travel, a newer definition includes of all 
major activities involving services designed to meet the needs of tourism such as 
transportation, accommodation, entertainment, etc. According to the International 
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Academy of 
tourism: "Tourism is 
the set of human 
movement and 
activities arising 
from them." while 
the official 
definition, given by 
the World Tourism 
Organization 
indicate that:  
"Tourism comprises 
the activities of 
persons traveling to 
and staying in places outside of the place of residence, not more than one consecutive 
year for leisure, business and other purposes not related but with gainful business 
activities within the destination we visit”. 
Also, the Special Services of the UN, already, since 1962 had included the reasons 
tourism transportation, the health.  
The development of medical tourism in the last two decades due largely to the 
privatization of medical services worldwide, the unequal access to medical services, 
accelerated the globalization of medical care and tourism, to over consumption, as 
well as to the excessive focus on the external appearance. 
Focusing mainly on the last word, the last decades more and more people have a 
special focus on the external appearance and invest in improving it. Beyond 
conventional methods, such as diet, grooming, etc., surgical medicine offers solutions 
to almost all problems appearance with plastic surgery. 
(http://www.ncbi.nlm.nih.gov) 
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Patients without Borders 
The reasons which motivate people to move from their permanent residence to 
another for health care usually are: 
 Not happy with Health System which applies in their area.  
 Access to health care in the country is extremely expensive as well as; there is 
a long waiting list.  
 Not have adequate insurance coverage and money to pay for health care 
services in their country. 
 High-quality medical services make appearance in developing countries.  
 Increased demand for cosmetic surgery. 
 Demand for surgeries and medical services that the legal framework of their 
country forbids as abortion, illegal transplants etc. 
 
In general, medical tourism developed as a result of changes made in the institutional 
content of medical care, the emergence of a globalized society where favors mobility 
and communication between its members and the ability of developing countries to 
provide cheaper medical services. 
The cost is a very important parameter that leads patients from developed countries to 
developing countries, such as Thailand and India as well as the mobility of European 
citizens within the borders of the appropriate, as there are huge differences in pricing 
of medical services in each Member State. In this case, a second factor is taken into 
consideration when choosing a destination, medical tourism is the distance while part 
of the decision affects both the level of tourist services in the destination and the ease 
in communication. 
(http://www.medicaltourismmag.com) 
Opportunities and Benefits from the Development of Medical 
Tourism 
The development of medical tourism, as well as any other special and alternative 
forms of tourism, contributes positively to the overall development of the region 
made. 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 111 
 
Tourism with its modern form is an economic and social phenomenon, the 
development of which after the end of hostilities of World War has attracted 
increasing interest more so in developed countries, and in developing as well. 
The developing process of tourism worldwide level was admittedly impressive, since 
1997 indisputably recognized as the world's largest industry. Factors that contributed 
to this was primarily the increase of people's income, more free time on their vacation 
and relaxation, the rapid technological developments in public transport, especially on 
airplanes and finally the simplification of formalities entry- output in host countries 
and tourist accommodation. Especially as regards the impressive development of 
transport, it should be noted that it contributed significantly to the increased scope of 
the international tourism, meaning that over time more and more people visiting more 
remote destinations. 
Benefits from tourism development generally summarized as follows: 
 Increased Employment 
 Creating new jobs 
 Improvement of infrastructure of a region and the utilities services 
 Strengthening the Region 
To an extent, the growth of tourism contributes and to the development and 
modernization of medical care as well as attracting a high income - educational level 
visitors requires, among other things: 
 Modern  hospital facilities. 
 Specialized medical and nursing staff 
(http://www.medicaltourismmag.com) 
 
The Risks of Medical Tourism 
Medical tourism, despite the benefits that can create a destination tourism aspect, 
there may be medical hazards. 
In many of the developing countries, where it has developed medical tourism as 
Malaysia, Thailand and India, there are different infectious disease-related 
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epidemiology of the countries where comes the largest share of visitors medical 
tourism. 
Therefore, the patient's exposure to viruses and bacteria that cause infectious diseases 
these without having the patient develop the necessary antibodies may offend the 
weaker organisms causing mainly gastrointestinal diseases (e.g. Hepatitis A, 
dysentery, etc.), insect-transmitted diseases, influenza, and tuberculosis. Such a 
development will also cause problems and delays in implementation and enforcement 
of treatment. 
Another danger is when patients must travel long distances to return home after the 
surgery. This fact can cause the possibility of complications. The long flight in 
conjunction with non-comfortable seats is known to be responsible for development 
of blood clots in the legs, as is venous thrombosis or pulmonary embolism, the 
economy class syndrome. 
Also, recreational activities can cause problems such as sunbathing while the patient 
is in recovery after the intervention as well as the signs of surgery may become more 
prominent as the skin darkens. 
Besides these parameters, patients who choose to receive medical care abroad should 
be taken into account and legal context that governs medical care to their destinations, 
to know both their obligations and their rights in case are not satisfied by the service 
they provide. 
(http://www.ncbi.nlm.nih.gov) 
 
 
4.1 Study on the Development of Medical Tourism 
 
The term "medical tourism" indicates two categories of services: 
 The management of medical needs for visitors who are in a foreign country for 
vacation trip or a business trip, or for temporary installation. Includes 
emergency health (e.g. heart attack) or regular health needs for chronic 
diseases (e.g. hemodialysis for kidney patients) 
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 The "Elective Medical Tourism ", where the patient chooses to travel to take a 
particular medical service, motivated by factors such as: 
 
i. The cost of the service. 
ii. The quality of service and overall healthcare. 
iii. The waiting time in the country of origin for such services. 
iv. The opportunity to combine medical care with entertainment/travel. 
 
For first category of service, managing medical needs of tourists are the most 
important groups of patients with chronic diseases are: 
 Kidney patients 
 Cancer Patients 
 Heart Disease 
 People with hematological diseases 
 Older people requiring systematic and medical monitoring 
For medical tourism option, currently the most widely used services (sectors) are: 
 The plastic/cosmetic surgery 
 The Dentistry 
 The Ophthalmology 
 The Artificial insemination 
 The Cardiology/cardiac 
 The Orthopedic treatment and rehabilitation 
 The Cancer Treatment 
 The Organ Transplants 
Medical tourism as defined here, and like they mean by specialist international 
entities, including services like spa, spas, fitness centers, which are part rather the 
wider term "health tourism" or "wellness”.  
(http://www.deloitte.com) 
 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 114 
 
 
Table 12: The Demand of Medical Tourism in the UK at 2010 (www.treatmentabroad.com) 
 
4.2 Factors that Pushing to the Development of Medical 
Tourism 
 
On the supply side: 
 Quality and cost of medical service. In emerging economies, the cost can be 
up to 90 % cheaper than the equivalent cost in the U.S. 
 The creation of modern hospitals in more and more destinations. 
 Specialized medical and nursing staff to more and more destinations. 
 Profile of each destination (climate, infrastructure, quality of service, historical 
and cultural heritage). 
 Existence of adequate organization and promotion. 
 The continually improving quality of health services in developing countries. 
Several of these countries vying service quality developed countries at least in 
terms of the use of modern medical technology. 
 Mobility of doctors - to exercise their scientific properties around the world. 
 Development of international standards certification for healthcare 
infrastructure. 
 Use the Internet. The Internet proved today the predominant agent in which 
people to seek information regarding health issues and health care. 
45% 
25% 
20% 
10% 
Demand in the U.K. - 2010 
Dentistry 
Plastic Surgery 
Ophthalmology 
Rest 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 115 
 
 Increase private healthcare providers. Given that governments are fighting the 
pressure caused by underfunding in the health services, healthcare 
organizations in the private sector will get a bigger share of the market, and 
gradually they get more international than national role. 
 Insurance products that provide low cost security packages are increasingly 
making their appearance pronounced in developed countries. In this, the 
policyholder pays lower premiums if you agree to treat other countries 
proposed by the insurer. 
On the demand side: 
 Demographic changes. Estimated that in the next fifty years the percentage of 
people over 60 years old in developed countries will rise from 1/5 to 1/3. The 
sections of tourism which are related to health, Sea therapy and fitness-being 
expected to benefit. 
 The pressure on healthcare resources available and their adequacy in 
developed countries as a result of demographic changes. Rising life 
expectancy translates into a greater need for health care. 
 High queues in public hospitals of developed countries (USA, Western 
Europe) 
 The pressure on public healthcare resources from loss creditworthiness of 
nations around the world.  
(http://www.deloitte.com) 
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4.3 Aggregates and Trends 
 
Although there are no exact measurements for the size of the global market, an 
estimation which brings together the researches is about 30 to 40 billion U.S. dollars, 
resulting from approximately 10 million patients with average medical expense 3,000 
as 4,000$ only in 2004 and almost 100 billion U.S. dollars in 2012. The size refers 
only to the medical tourism option, and only in the costs of medical services (not 
travel and accommodation outside hospital). 
 
 
Figure 22: Worldwide Medical Tourism Industry 
 (McKinsey & Company and the Confederation of Indian Industry) 
 
The countries with the most revenue from medical tourism are: India, Singapore, 
Thailand, South Africa, Brazil, Mexico, Costa Rica, Cuba, Malaysia, Hungary, and 
Turkey. 
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Country Thailand Malaysia Singapore 
Organizational 
structure 
Pockets of 
excellence in some 
private Bangkok 
hospitals 
Growing private 
health sector with 
movement of 
qualified 
workforce 
Balanced public-private 
mix, corporatized public 
sector 
National 
stragedy 
Regional health hub   
Extensive tourism 
infrastructure 
Industrial strategy 
to develop 
tourism 
Economic growth 
strategy to develop 
biomedical industries          
Regional service hub           
Medical R&D support 
Policy Impact 
Issues of growing 
inequity and urban-
rural divide 
Public-private 
divide                       
Racial inequities 
between public 
and private 
sectors 
Narrow income gaps of 
public and private sectors 
Table 13: Health systems in comparison 
(Pocock and Phua Globalization and Health, 2011) 
 
 
Europeans travel relatively less for medical purposes, perhaps because their health 
needs covered most of public health care or insurance. Unlike the middle class in Asia 
and America tends to pay privately, and perhaps this explains the higher growth 
destinations in Asia and South America. Note, however, that a new Directive on 
Cross-border care in the European Union will allow sooner or later Europeans to 
receive services throughout the EU coverage insurance systems.  
Some predictions provide important growth market of medical tourism, despite the 
international financial crisis. The crisis has reduced the disposable income of patients, 
but has increased the importance of the factor "low cost" option in place of treatment. 
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Estimated 
earnings 
No. 
foreign 
patients 
Origin of patients 
(in order of 
volume) 
Specialty 
Thailand 
(2006) 
Baht 36 billion 
(US$ 1.1 
billion) 
1.4 million 
Japan, USA, South 
Asia, UK, Middle 
East, ASEAN 
countries 
Cosmetic and 
sex change 
surgery 
Singapore 
(2007) 
S$ 1.7 billion 
(US$ 1.2 
billion) 
571000 
Indonesia, 
Malaysia, Middle 
East 
Cardiac and 
neuro surgery, 
joint 
replacements, 
liver 
transplants 
Malaysia 
(2007) 
253.84 million 
MYR (US$78 
million) 
341,288 
Indonesia, 
Singapore, Japan, 
India, Europe 
Cardiac and 
cosmetic 
surgery 
Table 14: Export of health services 
(Pocock and Phua Globalization and Health, 2011) 
 
Factors contributing to the reduction of costs to destinations: 
 Cheaper labor costs. 
 Lower costs with respect to the legal and insurance coverage of medical 
liability. 
 Simpler regulatory and legal operating framework for health providers. 
Until now the insurance companies, public and private, engaged in small part to cover 
the costs of medical tourism option. That is why medical services are prevailing and 
usually are not covered by insurance, such as dental or cosmetic surgery. This is 
expected to change as insurers will be looking for cheaper solutions in the global 
market, but it is difficult to predict at what pace this will change. 
(http://www.deloitte.com) 
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4.4 System Services 
 
Medical tourism is a complex set of services, which involved:  
 Health providers (hospitals, clinics, rehabilitation centers, doctors, nurses) 
 Providers of hosting services and transportation (hotels, airlines, ground 
movement). 
 Social health organizations (private companies, social security institutions). 
 Organizations certification services medical tourism. 
 Medical Tourism facilitators. 
The role of the latter is pivotal. The Facilitators are not only marketing organizations 
but act as evaluators quality, create packages (medical and travel services), and 
organize the medical advice and assessment of needs of the patient before the trip and 
medical follow-up after treatment. Have a central role in the system. 
(http://www.deloitte.com) 
 
 
4.5 Structure and Organization of Health Services – the 
Greek case of study 
 
The public sector has considerable capacity - in terms of infrastructure - in many 
hospitals in the region, not employed and could theoretically be used for medical 
tourism services. These hospitals are understaffed and suffer from organizational and 
operational weaknesses and “hotel” infrastructure. The institutional framework and 
employment relationships are stiff, and with the current data the hospitals could not be 
certified for medical tourism. 
The private sector has 4-5 units of hospitals and other medical units with relatively 
good administration, doctors and infrastructure. They overinvested for the Greek 
market needs (in crisis) and looking for new markets. In the recent three years, the 
turmoil in the Arab world brought several patients from there to private hospitals. The 
influx is not yet resulted from systematic strategy, which is pending to be designed. 
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Apart from the big facilities and high reputation doctors, there are many private 
medical centers and clinics, across the country, that are underemployed, as Greece has 
a very high number of centers and medical surgeons in relation to its population. 
In general it is true that the health sector in Greece as a medical tourism provider has: 
 Good infrastructure in buildings and equipment, in many areas of the country. 
 Many good doctors in most specialties. 
While suffering from: 
 Organization and Procedures 
 Marketing 
 Institutional framework 
(http://ec.europa.eu), (http://www.deloitte.com) 
 
 
 
 
4.6 Opportunities for Specific Products in Medical 
Tourism 
 
There are categories of medical services where there is a Greek comparative 
advantage. In these there could be a future specialization. 
Hemodialysis: there is a good geographical coverage of public hospitals, but will 
need special arrangement and organization to offer tourists their services. Private 
establishments are covering Athens-Thessaloniki but touristic areas only Crete and 
Rhodes. They are already offer services to tourists, and this segment can be extended 
relatively easily. 
Rehabilitation: There is a high concentration of private centers in Macedonia and 
Thessaly, which have not been sufficiently exploited. Have an extremely high level of 
infrastructure, special advanced technology equipment and even scientific staff. It is 
unique in the Balkans and rare in Europe. In terms of quality, there are few 
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comparable in Germany and Switzerland, but is much more expensive. Therefore, it is 
possible to create a major pole tourism recovery, particularly in central and northern 
Greece. 
Artificial insemination: Greece has favorable legislation compared to other 
European countries, and has already begun to develop the "insemination tourism". 
The (private) centers are located in Athens, Thessaloniki, Patra and Crete. 
Spas: They have wide geographic dispersion. There is an obvious therapeutic value, 
and required clinical case studies to document. If proven, this bath should be used 
with more appropriate medical and tourist infrastructure. 
Specialized treatments Tertiary Hospitals: The private tertiary hospitals are 
concentrated in Athens and Thessaloniki. The Public ones are more dispersed in terms 
of infrastructure, but not in terms of specialists. Only University Hospitals (Patra, 
Heraklion, Ioannina, Larissa and Alexandroupolis) have doctors in the region that 
could serve medical tourism for tertiary treatment. Although for the private sector, the 
issue is the appropriate international networking and visibility. 
For the public sector, it is required significant institutional and organizational changes 
and investments to upgrade infrastructure (buildings, hotels and medical equipment) 
in order to make them reliable and subsequently compete internationally. Hopefully 
this can be done for these units through lease infrastructure to private or PPP (Public 
Private Partnerships). 
(http://ec.europa.eu) 
 
 
4.7 Certification and Specifications 
 
Each provider is seeking to have a significant market share in medical tourism 
certified by one of the international certification bodies (the main ones are the JCI and 
TEMOS). 
The certification for healthcare providers primarily covers the following: 
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 Quality Assurance Certification and proof of high quality services in an 
objective way. 
 Physical security and management of infrastructure in line with international 
quality standards (ISO 9001, 18001, 14001, 22000 - HACCP etc.). 
 Safe Handling and Distribution of Medical Information. 
 Apply clinical protocols - Evidence of clinical efficacy of areas of 
specialization and excellence Hospital. 
 Continuous training of the scientific staff and other staff members. 
 Support of the communication, orientation and safety of international patients. 
 Special service and management processes for international patients. 
 Institutional and insurance guaranteeing at the level of liability protection for 
the provided medical service (for medical error and negligence) and the 
overall security of the patient during his stay in hospital. 
 Pricing framework - documentation of billing services and couriers recovery 
procedures. 
 Network of reliable partners from the tourism and hotel industry. 
 Establishment of partnerships at the international level for the handling of 
patients - market mechanisms (Medical Tourism facilitators) in conjunction 
with its promotion and organized promotion of “new product” - interface with 
specialized websites. 
(http://ec.europa.eu), (http://w.medretreat.com) 
 
 
For hotels, the certification standards are now being developed. Mainly cover the 
following principals: 
 Working together with health providers in the industry. 
 Adapting infrastructures for welcoming people sick, handicapped and disabled 
(compliance with the principles of accessibility). 
 Process input (check in) 
 Managing emergencies, acts of physical security. 
 Prevention of infection - Infection control -Manage Infectious. 
 Ensuring staff hygiene and international patients. 
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 Ensuring individuality, data confidentiality and privacy of the International 
Patient 
 Personalized service programs room and auxiliary services. 
(http://ec.europa.eu), (http://w.medretreat.com) 
 
 
4.8 Crossborder Healthcare in the E.U. 
 
EU Directive 24/2011 sets out a framework for cross-border healthcare, which the 
insured will be entitled to be covered for medical services provided in another 
Member State. The key paragraph states (Article 6): 
" 1. Based on the provisions of this Directive, in particular Articles 7 , 8 and 9, the 
Member State of affiliation shall ensure that insured persons going to another 
Member State for the purpose of receiving healthcare there or seeking to receive 
healthcare provided in another Member State is not prevented from receiving 
healthcare provided in another Member State where the treatment in question is 
among the benefits provided for by the legislation of the Member State of affiliation to 
which the insured is entitled. The Member State of affiliation shall reimburse the 
insured costs which would have been covered by the statutory social security system 
of that State if the same or similar healthcare has been provided in its territory. In 
any case, the Member State of affiliation to determine the healthcare, regardless of 
where it is provided. ". 
At the same time sets conditions to apply them, and requests from the Member States 
to adopt implementing provisions in 2013. 
The full implementation of the Directive can provide great opportunity for providers 
of medical tourism. To be eligible as providers to policyholders of other countries, the 
insurers and states, and other providers themselves face a number of issues. 
Providers should have to be organized and to have processes that can be certified by 
the European system that will be created for this purpose. Also, it is necessary to have 
an enough low invoice to be covered by social insurance of the large countries of 
origin. 
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Host States should ensure that incoming patients will not displace their own citizens 
in their hospitals (Spain, for example, fears that pensioners of northern Europe may 
flood her own health care). 
In Greece, although the private sector has significant spare capacity, and the public 
has very misallocation of resources, resulting in Attica there are queues, in many units 
of the district areas there are large gaps. 
Consequently Greece seems strategically has the potential to greatly benefit as a 
service provider to implement the Directive. 
(http://ec.europa.eu) 
 
 
4.9 Institutional issues for the Crossborder Healthcare 
 
To properly locate the Greek providers, the Greek state and some collective bodies of 
providers should ensure that a range of institutional issues to have a satisfactory 
respond in Greece. Otherwise there will be obstacles to crossborder healthcare that 
will put limits to the potential growth of medical tourism. Examples include below: 
 Pre-approval from the insurance carriers in the country of origin. 
 Payment in the country of treatment and compensation procedures for patients. 
 Information on the potential of the patient to seek crossborder healthcare. 
 Distribution of Medical Information. 
 Ensuring continuity of care before and after treatment. 
 Recognition of prescriptions in the EU. 
 Service Quality and Patient Safety (as mentioned in chapters above). 
(http://w.medretreat.com) 
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4.10 Summary of Strategy 
 
Businesses and relevant bodies should focus on five areas: 
 Institutional: To resolve clearly what is mentioned in chapter 4.9 and their 
related issues. The procedures should be as simple and automated as possible. 
 Quality Systems: Providers of health and tourism services to establish the 
relevant systems and procedures and to seek certification from the major 
international certification bodies. 
 Packages: Providers of health and tourism should form partnerships and all-
inclusive packages for patients and attendants, in cooperation with 
international Medical Tourism Facilitators. 
 Expertise in specific types of treatment (as discussed in the chapter below). 
 Local pilot programs in three geographical areas. 
(http://ec.europa.eu) 
 
4.11 Expertise in Medical Tourism Products 
 
Greece can relatively quickly and without significant new investments in fixed, to 
offer internationally competitive services in the following: 
i. Selective Medical Tourism for specialized medical interventions from the 
tertiary hospitals of the private sector (Mainly in Athens and Thessaloniki and 
the University Hospitals in other cities). 
ii. Restorative and Geriatric Tourism: cooperation of the rehabilitation centers 
with the hostels and hotels forwarding packet of Restorative Tourism (mainly 
in Thessaly and Macedonia). 
iii. Medical Tourism in Extracorporeal Fertilization and Assisted: collaboration of 
urban centers with hotels throughout Greece-international promotion (in 
Athens, Thessaloniki, Patras, Crete). 
iv. Hotels and Motels collaborating with Hemodialysis Center: View of the 
collaborations so hotels can addressed to an additional target group and 
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advertised in expanded categories of customers (in Athens, Thessaloniki, 
Crete, Rhodes). 
v. Spas - Rehabilitation - adjacent hospitality facilities for tourism of specific 
group categories: persons with musculoskeletal disorders, people with 
neurological disorders, seniors, etc. (broad geographic dispersion). 
vi. Ophthalmology - Aesthetic Dermatology and Plastic Surgery at One-
Day/Secondary Care Clinic (in large cities and tourist areas). 
(http://w.medretreat.com), (http://medicaltime.gr) 
 
4.12 Integrated Medical Tourism Local Networks 
 
Greece, as a general tourist destination, needs to emerge as particularly safe place in 
terms of medical services and emergency response for all guests. If this is achieved, 
then it will be able to attract tourists coming primarily for vacation, but benefit to do 
some treatments. 
To achieve this goal, it must provide exceptional quality of medical services in the 
places where most tourists gather. There are many institutional, organizational and 
operational barriers to happen. But there are infrastructure and manpower. 
It is suggested leaving three pilot programs to develop and promote integrated 
network medical services for foreign visitors locally. 
The program will be structured around local hospitals, but will incorporate primary 
clinics, hoteliers, travel agents, promotional services, transportation, quality 
assurance, and local government. 
Lasithi has two public general hospitals (St.Nikolaos and Sitia) which are 
underperforming. It can work as a pilot public - private partnership between active 
Public Hospital and private providers of medical and travel services. 
Santorini has a nice new hospital building owned by the government and has never 
been run. It can be leased to a private provider, who in addition to rent to the public, 
will assume the obligation to cover low-cost needs of the local population. 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 127 
 
Rhodes has the private General Hospital of Dodecanese which belongs to the Group 
of Euromedica. It may be pilot for integrated local network around private clinic. 
In this way, will be tested three different models of collaboration between public and 
private actors. If it succeeds, it will be based a “good practice” and institutional 
settings across the country. 
(http://medicaltime.gr) 
 
4.13 Financial Benefit 
 
At this stage it is not possible to make any projections about revenues it can generate 
in the national economy of medical tourism. Actual results will emerge from many 
individual initiatives each will have its own development plan. It will not come from 
central government initiative, although the state should help with institutional 
interventions. Also, medical tourism is still a branch under development 
internationally. And Greece has not developed its own profile bid. 
With all these uncertainties, it is estimated that a realistically optimistic target in the 
medium term (three to four years old), coming 100,000 patients annually, who spend 
an average of 4,000€ each. Estimated 3,000€ spend in medical and 1,000€ spend in 
hotel and etc., the total amount 400 million €/year. 
While there may be additional revenues from medical service to those who want to 
travel with a focus on tourism (no treatment), but they need medical care while they 
are here: kidney disease, cancer, hematological diseases, heart disease. 
In ten years, if there will be a development in crossborder care within the EU, and if it 
will be used properly the infrastructure of the NHS (National Health System in 
Greece) through PPPs can be a target five times bigger revenues, i.e. 2 billion €/year. 
It is worth noting that the benefits can be estimated more directly, it is mainly that of 
healthcare providers. The tourism industry will benefit more if they create packages 
that extend the stay of patients and their relatives beyond medically necessary, or if it 
provides marketing services and organization for health providers. 
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Other benefits of the hotel business may concern: new target group of tourists to turn 
in them, provide opportunities for enhancing operational indicators in areas which are 
not established as a tourist (e.g. Thessaly because of their availability of rehabilitation 
services), enhancing credibility to attract tourists with special health needs, and 
general sense of security to the average tourist. 
(http://w.medretreat.com) 
 
 
Figure 23: Conceptual framework for medical tourism and policy implications for health systems. 
(Pocock and Phua Globalization and Health, 2011) 
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5. CONCLUSION AND FUTURE WORK 
 
In the last part of the current Dissertation, which was addressed for the Green 
Hospitals and the correlation with the Medical Tourism, it is considered appropriate to 
present some general findings as there is no applied relation between them. Those 
findings are based for the evolution and the future of both sectors. 
The industries of Energy, Health and Tourism represent the most powerful businesses 
around the world. The correlation of those three predisposes of a successful 
combination, because they are rapidly increasing worldwide, which of course 
promises and high amount of profits. 
The Energy sector is always growing; people always try to find better solution for 
energy, more efficient, more economical and as the future impose us, more 
sustainable and friendlier to the environment, having better quality of life. However 
the people’s needs are not only for Energy, the Health sector has to involve as well 
and also the needs and the entertainment of people is relying upon the Tourism, which 
will meet its growth. 
The development priorities in those sectors have already been announced but there are 
countries like Dubai which in the last decades have developed so rapidly in those 
three sectors that most of the world could not monitor or predict its development. 
Even though there is plenty of oil in the area of United Arab Emirates, it is known that 
most of the cities are using RES; their buildings are mainly Green Buildings and the 
new projects are also based on energy efficient. However, the Dubai authorities 
recognizing that the future of tourism is a medical tourism orientated several projects 
will highlight Dubai a regional center for medical tourism. According to news agency 
ANSAmed, the Health Care Authority of Dubai announced a number of new projects 
that will contribute so that Dubai consolidates its position as a center of medical 
excellence in the Middle East, based on the Strategic Plan 2025. Specifically, it will 
be allocated 635 million € for the modernization and expansion of the historic hospital 
Rashid, which specializes in emergency care, wounds and intensive treatment. There 
will be added beds and surgery centers in the area of cardiology, oncology, plastic 
Building Healthy Hospitals and their relation with Medical Tourism trend 
 
November 2013 Page 130 
 
surgery and kidney. It will also construct three new hospitals in regional areas of the 
emirate, along with two five-star hotels for the relatives of patients.  
Clearly Dubai is not trying to invest on building Health Hospitals and combine it with 
the medical tourism, but it triggers the idea of that correlation.  
On the other hand, the promotion of medical tourism in Greece in Russian market, 
recently attempted the Greek clinics, under the Greek Medical Tourism Workshop. 
Ten private hospitals, and some luxury wellness centers and hotel chains have carried 
out more than 210 appointments with facilitators, tour operators, travel agencies, 
insurance companies, creating special packages to treat Russian patients who want 
along with their family to make the holidays in Greece, to get treated for their medical 
problems. The clinical manifestation of Greek held in collaboration with the Tourism 
Today ATOR (Association of Russian Tour Operator), celebrating under the auspices 
of the Ministries of Tourism and Foreign Affairs. Moreover, the Minister of Federal 
Tourism of Russia signified the Greek market in Russia through this promising 
product, expressing surprise at the quality of Greek hospitals noting that he did not 
know that Greece could offer this product. Also due to climate, gastronomy and 
cultural proximity with Russia, it is likely to dominate the next few years in the 
market, if the initial attempt to entry into the specific niche market will continue. It is 
has to be mentioned that based on current data, the treatments and specialists seeking 
more Russians patients abroad are: oncology, cardiology-Diabetes, orthopedic 
rehabilitation, gynecology (including extracorporeal), kidney problems, andrology 
problems, treatments for respiratory problems, cosmetology, tourism wellness, 
healing etc.  
With the correct combination with the project of Green@Hospital, Greece can always 
start a serious competition with countries that are already developed in 1 sector. 
Unfortunately at this stage it is not possible to make any accurate projections about 
the revenue it can generate in the national economy of medical tourism and on Green 
Hospitals. The actual results will emerge from many individual initiatives that each 
will have its own development plan. 
The key factors that favor the development of medical tourism in a country are  
 The natural and cultural heritage 
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 The climate 
 The nuanced natural environment satisfies the most demanding visitor 
 The high traffic of the country as a tourism destination 
 Lifestyle and diet of the citizens 
 The modernization of infrastructure 
 The place of the country 
 The availability of qualified medical and nursing staff  
 Fees for medical and nursing staff 
 The institutional framework 
 The social and economical level of the country 
A country that wants to attract medical tourists, a Green Hospital indicates that there 
is a development, the country is well organized, its economy is based on this (because 
of the high cost), there are job opportunities and also that is eco friendly. On the other 
hand, Green Hospitals can attract patients that are surely well educated (not only the 
staff have to be well educated), meaning that they made this choice for a reason. 
Finally, for the completion of this Dissertation some further ideas of this correlation 
that there always can be a unit of hospital, Healthy Hospital, in the hotels which can 
serve the customers of the hotel with some routine procedures like Hemodialysis, 
recuperation, recovery from an injury etc. Or it can be reversed as the hospital can 
always have hotel rooms to intensify the reason of their visit with his family etc. 
 Without the knowledge of the future technologies which can solve the most 
important issues of humanity and to catapult the business activities, is like we are not 
compromising with the “light” but with a new medieval era. The Renewable Energy 
Systems is the hope to surpass the big crisis and can light up a way for a brighter 
future. Nothing is more powerful than an idea whose time has come. 
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